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CHAPTER I 
INTRODUCTION 
The autonomic nervous system has been defined as a 
motor system innervating the visceral organs. Its outflow 
from the central nervous system is segmental and in some re-
spects is parallel to the somatic motor outflow to skeletal 
muscles. The visceral and somatic motor outflows are acti-
vated by the brain and by reflexes originating in the peri-
pheral nervous system. The two do not operate in isolation 
but rather act in concert to initiate and support activities 
appropriate to the situation. Activity within this system 
has been assessed by measuring parameters such as blood 
pressure, heart rate, myocardial contractile force, pilo-
erection, and pupilary dilation. 
The sympathetic nervous system was divided into three 
major components by Gaskell (13). The first was the affer-
ent neuron that has its termination in the spinal cord. The 
second component, the preganglionic neuron, has its cell 
body in the cord and sends its short axon to terminate within 
1 
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the lateral or collateral ganglion. The postganglionic neuron 
comprises the third component. It originates in the sympathe-
tic ganglion and terminates in the effector organ. 
Postganglionic neurons to the heart have been exten-
sively examined in an effort to determine their final termina-
tion within the myocardium. Randall (29) and Szentivanyi (36) 
stimulated various portions of the postganglionic components. 
They used changes in myocardial contractile force to delin-
eate the final distribution of these components within the 
myocardium. Stimuli were applied to the sympathetic ganglia 
and to successively more distal portions of the postgangli-
onic components. Their studies suggest that localized re-
sponses of the myocardium are possible and that in this re-
spect the heart does not necessarily respond as a syncytium 
to sympathetic stimulation. 
Since the preganglionic neuron leaves the spinal cord 
via the ventral roots, it is accessible for stimulation. 
The functional characteristics of preganglionic neurons have 
not been extensively examined although a few studies have 
examined the cardiac effects of preganglionic neurons by 
stimulating the ventral roots. Without exception, these 
studies (22, 28, 35) have indicated that cardioacceleration 
is more prominent for the right roots and cardioaugmenta-
tion is more prominent for the left roots. Most of these 
2 
3 
studies, however, have shown that both acceleration and augmen-
tation are characteristic responses of the myocardium during 
stimulation of the roots of either side. This same pattern 
of response has also been seen during stimulation of the stel-
late ganglia. 
Preganglionic neurons are bombarded by impulses from 
segmental as well as suprasegmental levels of the central 
nervous system. Several investigators (3, 9, 19) have noted 
that stimulation in specific locations of the medulla and hy-
pothalamus elicit both chronotropic and inotropic responses 
in the myocardium. The characteristic pattern of response 
to left- and right-side stimulation, shown by both pre- and 
post-ganglionic components, was also noted during supraseg-
mental stimulation. 
The indication that localized responses of the myo-
cardium are possible (29, 36) provided the stimulus for the 
present series of experiments which were designed to analyze 
the effects of preganglionic stimulation on various portions 
of the myocardium. These experiments used changes in myo-
cardial contractile force to determine whether localized 
responses could be elicited during ventral root stimulation. 
In addition, heart rate and systemic blood pressure were 
monitored. 
If localized myocardial responses could be elicited 
----------------- ---~ 
from such a remote location as the ventral roots, this would 
suggest that the central nervous system may have at its com-
mand, mechanisms capable of fine degrees of regulation of the 
pressure gradients within the various chambers of the heart. 
Identification of such possibilities would lead to a better 
understanding of how the central nervous system controls car-
diac output ahd blood pressure. If localized responses can 
be elicited from the preganglionic structures, other studies 
could be designed to determine if medullary and hypothalamic 
levels of the central nervous system are also capable of 
exerting such control. 
In summary, the experiments reported in this paper 
were designed to examine whether there might exist a spinal 
segmental distribution of sympathetic cardiac fibers to the 
myocardium like that associated with the somatic motor in-
nervation. Patterns of myocardial contractile force were 
assessed to determine whether localized responses of the 
myocardium would be elicited during stimulation of pre-
ganglionic fibers of the ventral roots. 
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CHAPTER II 
LITERATURE REVIEW 
A. The Strain Gauge Arch as a Measure of Contractile Force 
The industrial uses of resistance-wire strain gauges 
have been many and varied. Biological applications of this 
device have included the measurement of hydrostatic pressures 
and of the force generated by contracting muscle. The use of 
the strain gauge arch in the measurement of myocardial con-
tractile force was first suggested by Walton and Brodie (38) 
in 1947. They showed that the device was uniquely adapted 
to the delineation of cardiac dynamics and could be used in 
acute and chronic experiments. Since that time, many inves-
tigators have used the device in experiments where the mea-
surement of contractile force was desirable (40). 
1. Depth of Sutures 
The application of a strain gauge arch to the beating 
heart produces several variables that are difficult to con-
trol. Even though the size of the suture needle is constant 
for all applications, the depth to which the needle penetrates 
5 
the myocardium will vary. The effects of this variable were 
studied by Cotton and Bay (6) who affixed a strain gauge arch 
to the myocardium and measured contractile force before and 
after infusions of cardioactive drugs. They then removed the 
arch from the myocardium and replaced it using a much deeper 
penetration of the sutures. The same location of the arch 
was ensured by using the same holes in the myocardium pro-
duced by the original sutures. They found that the depth 
of suture penetration had a limited but quantitative influ-
ence on the magnitude of the contractile force recordings. 
In general, the deeper the penetration, the larger was the 
magnitude of the recording. The deepest penetration pro-
duced recordings that were 35 per cent greater than the most 
superficially placed sutures. It was also pointed out, how-
ever, that the depth of suture penetration had no influence 
on measurements expressed in terms of per cent increase over 
control values. 
2. Contributions of Adjacent Myocardial Segments 
It is difficult to assess just how much of the myo-
cardium contributes to the measurement of contractile force. 
Walton and his associates (39) showed that the inactivation 
of the isolated segment between the feet of the strain 
gauge arch resulted in a decrease in recorded contractile 
force to one half. This indicated that there was a 
6 
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substantial participation of the muscular segments immediately 
adjacent to or lying beneath the segment fixed within the arch. 
Newman and Walton (23) showed that the measurement of 
contractile force increased sharply after the placement of 
deep cuts in the myocardium at right angles to the longitu-
dinal axis of the strain gauge arch. Sharp decreases in the 
contractile force measurement were observed after similar 
cuts were placed parallel with the arch. This indicates that 
measurements made with the strain gauge arch are not solely 
influenced by the segment of the myocardium between the two 
points of attachment. Since the strain gauge arch is a 
fairly rigid device, the length of the isolated myocardial 
segment between its feet is determined at the time of attach-
ment and cannot be expected to vary with changes in length 
of the fibers in the remaining myocardium. Under conditions 
of increasing LVEDP, the fibers of adjacent segments will be 
subjected to stretch while the isolated segment will not. 
These factors make it difficult to determine how much of the 
recorded force is due to an actual change in contractility 
and how much is a reflection of the length/tension relation-
ship. 
3. Orientation of Strain Gauge Arches on the Myocardium 
Strain gauge arches have generally been oriented 
parallel with the direction of the superficial myocardial 
fibers. Cotton (5) reported that the placement of the arch 
did not influence the absolute amount of contractile force 
measured. He also indicated that changes in myocardial con-
tractile force accompanying infusion of various drugs was not 
affected by the placement of the arches on the myocardium. 
He concluded that the measurement of one segment was repre-
sentative of the entire syncytium. He also extended this 
generalization to both ventricles. On the other hand, Robie 
and Newman (31) attached the arches parallel with, and per-
pendicular to, the anterior descending coronary artery. They 
noted that there was a consistent difference in the amount of 
preload and afterload influence on the recorded measurement 
depending upon the placement. They concluded that when arches 
were placed perpendicular to the anterior descending coronary 
artery, the amount of preload and afterload can be more ac-
curately estimated. 
4. Influence of Heart Rate 
In one study, Cotton (5) used chronically sympathec-
tomized dogs and paced the heart rate from 65 to 260 beats 
per minute. Heart rate was shown to have only a very small 
influence on the measurement of contractile force. Rates 
between 65 and 210 resulted in a small increase while rates 
over 210 resulted in no change or a slight decrease. In 
another series of experiments, Walton and his associates 
8 
(39) showed that the surrunated effects of heart rate, heart 
size, peripheral resistance, and total flow volume were not 
more than 10 per cent. 
5. Characteristics of Strain Gauge Arches 
In one study, Shimosato (35) showed that strain gauge 
arches are linear from 20 to 300 grams. Boniface and his 
associates (1) reported the frequency response of the strain 
gauge arch to be in excess of 100 hz. Others (35) have re-
ported that the responses are linear up to 45 hz and ade-
quate for heart rates up to 240 beats per minute. 
6. Effect of Initial Length of Myocardial Fibers 
Based on the well known Starling length-tension rela-
tionship, the amount of initial tension placed on the iso-
lated segment of myocardium included between the feet of 
the strain gauge arch can be expected to influence the mag-
nitude of the measurement of contractile force. Cotton (5) 
showed that by varying the amount of tension on this seg-
ment, a Starling curve was obtained. The greater the ini-
tial stretch of the isolated segment during the application 
of the gauge to the myocardium, the greater was the re-
cording of contractile force. It has also been shown, how-
ever, that when contractile force is expressed in terms of 
per cent increase over control, the initial length has no 
influence. 
9 
1. Influence of Preload and Afterload 
Changes in contractility are seen when the myocardium 
is stimulated by increased autonomic activity or by infusion 
of cardioactive drugs. When such changes are measured by 
strain gauge arches, it is possible that the measurement will 
be biased due to the inclusion of factors related to initial 
fiber length. The recorded force is the sum of all forces 
tending to pull the feet of the arch apart and those pulling 
them together (5, 23). Robie and Newman (31) used blood 
volume and methoxamine to explore the effects of preload and 
af terload on the measurement of contractile force by the 
strain gauge arch. They noted that an increase in preload 
resulted in a consistent and predictable decrease in the 
measurement. They explained this observation on the basis 
of the greater preloading effect on the myocardial fibers 
adjacent to the strain gauge arch than on the fibers in-
cluded between the feet. This caused an increase in the 
forces tending to pull the feet apart and a consequent de-
crease in the measurement of contractile force. Similar 
decreases in contractile force under conditions of increased 
preload have been reported by others (7, 8). 
Robie and Newman (31) reported that aortic occlusion 
and infusion of methoxamine resulted in an increase in the 
measurement of contractile force only when the arches were 
10 
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oriented parallel with the anterior descending coronary artery. 
A decrease in contractile force was observed when the gauges 
were oriented perpendicular to this artery. In a somewhat 
conflicting report, Cotton (5) indicated that occlusion of the 
thoracic aorta sufficient to raise diastolic blood pressure 
by 60 mm Hg led to an average increase of 20 per cent in the 
contractile force measurement. The same author showed an in-
crease of 15 per cent in contractile force recordings after 
methoxamine infusions. The orientation of the strain gauges 
was not reported in this paper. Robie and Newman (31) ob-
served that the influence of afterload on the measurement 
of contractile force varies from positive to negative de-
pending upon the orientation of the arches. 
The effects of preload and afterload on the measure-
ment of contractile force was extensively studied by Robie 
and Newman (31). They derived multiple regression equations 
to predict the degree of influence of the combined effects 
of preload and afterload. They increased blood volume by 
infusing varying amounts of fluid into the femoral vein. 
This served to increase the preload on the myocardial muscle 
fibers. Immediately after their largest infusion, the change 
in LVEDP was observed to be 3.8 mm Hg and the diastolic aor-
tic pressure change amounted to 4.8 mm Hg. The substitution 
of these values into their regression equation predicts a 
10 per cent decrease in the contractile force measurement due 
to the combined effects of preload and afterload. When me-
thoxamine was used to increase afterload, LVEDP increased by 
5.1 mm Hg and diastolic aortic pressure increased by 29.5 
mm Hg. In this instance, the multiple regression equation 
predicts a decrease in contractile force of 14 per cent due 
to the combined effects of preload and afterload. 
B. Sympathetic Outflow from the Spinal Cord to the Heart 
There is ample evidence that the primary sympathetic 
outflow to the heart is distributed to the stellate ganglia 
via preganglionic fibers in the ventral roots of the spinal 
cord (17, 20, 21, 22, 42). Miller (20) states that these 
ganglia receive rami from Tl, T2, T3, and sometimes from T4 
and TS. The stellate ganglia represent the fusion of the 
seventh and eight cervical and the first three, and some-
times the fourth, thoracic ganglia. The stellates are con-
nected to the caudal cervical ganglia by the ansae subclavia 
and thence to the heart by a complex network described by 
Mizeres (21, 22) as being highly variable particularly on 
the right side. 
There have been conflicting reports about the exact 
levels of the thoracic outflow contributing to the sympa-
thetic cardiac nerves. Schuranlew (34) identified only the 
second and third levels of the left side as contributing to 
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cardiac innervation. Saccomano and his associates (33) stim-
ulated the ventral roots in the dog and recorded carotid 
pulse on a kymograph. They identified the first five ventral 
thoracic roots as contributors to the cardiac nerves. 
Bronk and his associates (2) measured the electrical 
activity of the cardiac nerves distal to the stellate gan-
glia in cats and noted that the tonic sympathetic discharge 
decreased after section of the first and second white rami. 
Cutting of the third and fourth rami all but abolished spon-
taneous activity. From these data it was concluded that the 
main sympathetic outflow to the heart courses in the third 
and fourth sympathetic rami and, to a lesser extent, the 
first and second. Mizeres (22) stimulated the ventral roots 
and could elicit little or no response at the level of Tl 
but found T2, T3, and T4 to be very active. Randall and 
his coworkers (27) reported that the stimulation of Tl and 
C8 produced little or no cardioacceleration. Weisman (41) 
and his associates have indicated that there may be, in 
some dogs, a preganglionic outflow via the lower cervical 
roots capable of modifying blood pressure and cutaneous 
volume pulse. 
Several studies have pointed to differences in re-
sponses of the heart elicited during stimulation of the 
right and left sides. Fogelson (10) showed that, in the 
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dog, stimulation of the sympathetic cardiac nerve on the right 
side caused a greater cardioacceleration but that cardioaug-
menta tion was the response to left-side stimulation. Bronk 
and his associates (2) showed both inotropic and chronotropic 
responses could be elicited during stimulation of the cardiac 
nerves in the cat. Randall and his coworkers (27, 28, 30) re-
ported that while acceleration is greater during right-side 
stimulation, it also occurs to a lesser degree during left-
side stimulation. They also reported increases in both sys-
tolic and diastolic blood pressures during stimulation of 
the sympathetic trunk from T2 through TS. These increases 
led to an increased pulse pressure since the diastolic in-
crease was less than that of the systolic increase. During 
stimulation of the lower thoracic roots from T6 through TlO, 
both systolic and diastolic blood pressures increased to the 
same degree. They concluded that these changes were due 
primarily to vasopressor responses. Mizeres (22) observed 
the right side accelerator effect to be most prominent at 
the levels of T2 and T3 and sometimes Tl and T4. He saw 
no accelerator effect during stimulation of the left side. 
Waites and his coworkers (37) showed similar responses in 
sheep. 
Several studies have explored the cardiac effects 
of left- and right-side stimulation in the central nervous 
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system. Chen and his coworkers (4) reported that cardioaccel-
eration was more prominent during stimulation of the right 
side of the medulla. Others have since supported this view 
(3, 16, 25, 26, 32). Peiss (26) observed, on stimulation 
of the presser area, alterations of pulse pressure that he 
interpreted to be signs of increases in myocardial contrac-
tile force. Rosen (32) stimulated the medulla and elicited 
tachycardia and augmentation of right ventricular contrac-
tile force. Chai and Wang (3) found that cardioaccelera-
tion was more prominent than cardioaugmentation during 
right-side stimulation of the medulla. The opposite was 
noted during left-side stimulation. 
Manning and Peiss (19) studied cardioaccelerator, 
cardioaugmentor, and vasopressor responses during stimula-
tion of the hypothalamus. They observed that cardioaccel-
eration was greater during stimulation of the right side of 
the hypothalamus while cardioagumentation was greater during 
stimulation of the left side. Fang and Wang (9) compared 
cardioaugmentor and cardioaccelerator responses during stim-
ulation of the right and left halves of the hypothalamus. 
Mixtures of augmentation and acceleration were observed but 
acceleration predominated on the right and augmentation on 
the left. Foreman (11) showed that a unilateral lesion in 
the descending sympathetic pathway of the right dorsolateral 
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funiculus caused a decrease in heart rate by 56 beats per min-
ute. He suggested that the lesion interrupted a tonic des-
cending sympathetic pathway whose function was to increase 
heart rate. He further noted that lesions placed in the left 
dorsolateral funiculus do not lead to this change in heart 
rate. It has been suggested (9) that the descending pathways 
to the heart are ipsilateral. 
c. Discrete Inotropic Responses 
The studies reviewed above suggest that the central 
nervous system can influence the inherent rhythmic patterns 
of the heart by imposing either positive or negative ino-
tropic or chronotropic effects. These effects must ulti-
mately be determined by the location of ther terminal 
endings of the postganglionic fibers. Fibers that are ca-
pable of eliciting tachycardia would be expected to end in 
the vicinity of nodal tissues while terminations in other 
areas would lead to augmentation. The magnitude of the re-
sponse would be dependent upon the amount of norepinephrine 
released in a given part of the myocardium. 
The first studies to attempt to delineate the exact 
sites of termination of sympathetic postganglionic fibers 
was carried out by Szentivanyi and his associates (30, 36). 
They stimulated the left and right stellate ganglia and 
showed augmentation in several areas of the left ventricle. 
upon stimulation of progressively more distal segments of the 
postganglionic components of the sympathetic nervous system, 
they elicited augmenter responses in discrete portions of the 
myocardium. This suggested to them that the central nervous 
system may have the capacity to recruit myocardial segments 
much like the somatic motor system recruits motor units. The 
more generalized the recruitment of myocardial segments, the 
greater will be the pressure developed within the ventricle. 
If the central nervous system is able to recruit discrete 
myocardial segments, changes in work load could be met by 
increased force of contraction within these areas thus form-
ing a working pattern of functional importance. 
Several studies explored this concept further and 
have concluded that the epicardium of both ventricles re-
ceives innervation from the left and right cardiac nerves 
(9, 14, 15, 29, 43). In one study, Yanowitz and his asso-
ciates (43) examined changes in various ECG configurations 
following stimulation of, or removal of, each stellate gan-
glion. Right stellate ganglionectomy led to an increase in 
the functional refractory periods on the anterior ventricu-
lar surfaces; removal of the left stellate ganglion resulted 
in a similar effect over the posterior ventricular surfaces. 
They concluded that while each stellate contributes post-
ganglionic fibers to both ventricles and to anterior and 
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posterior surfaces, the left stellate has a predominant in-
fluence over the posterior surfaces while the right stellate 
predominates over the anterior surfaces. 
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CHAPTER III 
METHODS 
A. Surgical Procedures 
1. Selection of Animals 
Eighty mongrel dogs were used in this study. All dogs 
were male, weighed approximately twenty kilograms, and ap-
peared to be in good health. Dogs of this size had hearts 
large enough to allow the application of the several strain 
gauges described below. Only males were used because of 
easier control of hemorrhage during and after thoracotomy. 
2. Anesthesia 
All dogs were anesthetized with phencyclidine hydro-
chloride (1-2 mg/Kg i.m.) and alpha-chloralose (80 mg/Kg 
i.v.). The original dose of alpha-chloralose was usually 
sufficient but more was given when needed. 
3. Preparation for Surgery 
As soon as the animals were fully anesthetized, they 
were tracheotomized and maintained on positive-pressure ven-
tilation. The vagus nerves were sectioned and the common 
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carotid arteries prepared for easy access during the bilateral 
carotid occlusions performed later in the experiment. The 
femoral artery and the external jugular vein were cannulated 
for the measurement of systemic blood pressure and for intra-
venous infusions. In addition, 9 of the animals were pre-
pared for cardiopulmonary bypass. 
4. Thoracotomy 
Using standard cautery procedures, the chest was 
opened at the level of the fifth right intercostal space. 
The pericardium was opened and four or more Walton-Brodie 
strain gauges were sutured to the epicardium as described 
below. After the strain gauges had been attached to the 
heart, the chest wall was closed by tying the fifth and 
sixth ribs closely together. No attempt was made to over-
come the pneumothorax. 
5. The "Areas" of the Heart 
Eleven areas of the epicardium and three areas of 
the endocardium were selected, based on two factors: first, 
minimization of damage to the coronary circulation; and 
second, broad representation of the ventricular myocardium. 
On these bases, six areas of the right ventricular epicar-
dium, five areas of the left ventricular'epicardium, and 
three areas of the left ventricular endocardium were se-
lected. 
6. Areas of the Epicardium 
Since the anterior surface of the right ventricle is 
free of large superficial branches of the coronary circula-
tion, the first four areas were located at equidistant inter-
vals across its surface. On the left ventricle the descend-
ing branches of the anterior coronary artery determined 
placement of the strain gauges. Consequently, the strain 
gauges were placed on the smooth epicardial surf ace between 
each of these arterial branches. Three areas were also iden-
tified on the posterior surface of the heart. Two of these 
areas were on the right ventricle and one on the left ven-
tricle. See Figure 1. 
7. Areas of the Endocardium 
In addition to the eleven areas described above, 
three areas were selected on the endocardial surface of the 
left ventricle. These areas could be studied only in the 
nine dogs placed on cardiopulmonary bypass. The three areas 
included the septum, the free wall, and the posterior papil-
lary muscle. See Figure 2. 
8. Application of the Strain Gauges 
21 
The strain gauges were firmly attached to the myocar-
dium with 000 sutures. In each case, the arches were oriented 
parallel with the superficial myocardial fibers. The sutures 
were placed slightly closer together than the distance between 
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the feet of the strain-gauge arches. Thus, the feet of the 
arch were pulled together at the time of contraction. The myo-
cardial segment fixed between the feet was placed under some 
degree of stretch. 
9. Laminectomy 
After the strain gauges had been applied as described, 
the chest was closed and a bilateral carotid occlusion per-
formed prior to turning the animal to the prone position. 
After the animal was turned, a laminectomy was performed at 
one of the several cord levels including: (1) the upper 
thoracic (first through the fifth); (2) the lower thoracic 
{sixth through the tenth); and (3) the lower cervical {fifth 
through the eighth). In some cases, more than one of these 
levels was used on a single dog. For example, the first 
three thoracic roots were almost always used to ascertain 
the responsiveness of the animal to ventral root stimula-
tion, even when the primary purpose of the experiment was to 
explore other cord levels. 
10. Root Identification 
Care was taken to properly identify each of the ven-
tral roots to be stimulated. The basic point of identifica-
tion was the first thoracic vertebra which is the first of 
the vertebrae in the dog to have a very long spinal process 
(19). If the second thoracic vertebra is removed, the spinal 
... 
root seen penetrating the dura mater just below the remaining 
first thoracic vertebra is actually the second thoracic root. 
It does, of course, continue downward and exits the spinal 
canal just caudal to the second thoracic vertebra. 
Several other methods were used to validate the cor-
rect identification of the spinal roots to be stimulated. 
If one compares the diameter of the eighth cervical and the 
first thoracic root, the eighth cervical root is the larger 
and sometimes consists of two or three separate components. 
If the space between the roots from the seventh cervical to 
the second thoracic are compared, the space between the 
eighth cervical and the first thoracic is considerably 
shorter than either of the other spaces. Root identifica-
tion was further validated by extending the laminectomy all 
the way to the first cervical root. The roots of the cer-
vical area leave at right angles to the cord, course through 
the dura, and the intervertebral foramina without any down-
ward course. This is true for the seventh cervical and all 
roots above that level. At these higher levels, it becomes 
an easy task to properly identify the root. Thus, as the 
roots are uncovered during laminectomy, they can be prop-
erly identified, particularly if the eighth cervical is 
identified first, as it always was in these experiments . 
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11. Preparation for Stimulation 
As soon as the laminectomy was completed, the dorsal 
roots of all levels to be stimulated were cut and the ventral 
roots prepared for stimulation. This was done while viewing 
the cord and roots through a dissecting microscope. So that 
the electrodes would be placed on the proper root, a suture 
was placed through the medial portion of the dura mater and 
near to the exit of each root from the spinal cord. The 
ends of the sutures were tied together about twenty-five 
centimeters from the cord. The identity of the root near-
est to this suture was written on a small card which was 
attached to the tied ends of the suture. Since the order 
of root stimulations was usually randomized, the procedures 
outlined above allowed quick identification of each root. 
12. Other Procedures 
These experiments were designed to study the response 
of the heart to orthodromic nerve impulses exiting the cord 
via the ventral roots. It would be possible for electrical 
stimulation of a ventral root to generate both orthodromic 
and antidromic impulses in the root. In order to eliminate 
the possibility that cardiac responses might result via 
antidromic impulses from the stimulating electrode, the cord 
was sometimes cut above and below the root to be stimulated. 
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B. Experimental Procedures 
1. Instrumentation 
All recordings were made on a Grass model 7 eight-chan-
nel polygraph. Stimulations were made using homemade bipolar 
electrodes connected to a Grass model S9 isolated stimulator. 
A calibrated differential oscilloscope was used to monitor all 
stimulations. Systemic blood pressure was recorded through a 
Statham P23Db pressure transducer. The strain gauges were 
purchased from the J.A. Warren Company of Charleston, South 
Carolina. 
2. Bilateral Carotid Occlusions 
Before the animal was turned from the supine position, 
a bilateral carotid occlusion was performed by placing a 
bulldog clamp directly on each artery. These clamps were 
left in place until the blood pressure response appeared to 
have reached its maximum. Control tracings were taken at 
both 2.5 mm/sec and at 25 mm/sec. The paper speed was held 
at 2.5 mm/sec while the clamps were put in place and until 
the response reached its maximum. At this point, a six- to 
ten-second tracing was taken at 25 mm/sec. Paper speed was 
then reduced to 2.5 mm/sec, the clamps were removed, and the 
animal allowed to return to control levels. 
3. Ventral Root Stimulations 
Before stimulation of the ventral roots, gallamine 
(1.5 mg/Kg) was injected to block nerve transmission to skel-
etal muscles. While the electrodes were in contact with each 
of the roots to be stimulated, care was taken to ensure that 
the area was free from connective tissue and excessive fluid. 
stimulation parameters were determined during the first few 
experiments and were chosen for ability to elicit maximal 
inotropic responses of the heart. In all subsequent experi-
ments, parameters were uniformly kept at 8 volts, 10 milli-
seconds, and 10 Hertz. In all cases, they were monitored on 
a calibrated differential oscilloscope. If during any stim-
ulation, deviation from any parameter was noted, the stimu-
lator was adjusted to the proper value. 
4. Selection of Areas and Roots 
In order to study the effects of ventral root stimu-
lation from the fifth cervical through the tenth thoracic, 
several series of experiments were performed. In some ex-
periments, only four or five of the areas were studied. In 
no single animal were all fourteen areas studied. Similarly, 
stimulations were performed on groups of ventral roots. In 
no single animal were all roots stimulated. The various 
series of experiments are listed in Table 1. 
c. Analysis of Data 
1. Inotropic Responses 
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When strain gauges are sutured to the myocardium, there 
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TABIB 1 
DESCRIPTIOO OF THE EIGHT SERIES OF EXPERIMENTS PERFORMED 
Series Areas Studied Stirrn.llatians Nurrber 
A 1, 2, 3, 4 Tl - TS 12 
B S, 6, 7, 8, 9 Tl - TS 2S 
c S, 6, 7, 8, 9, 10, 11 Tl - TS 10 
D 1, 3, S, 6, 8, 10, 11 Tl - TS 9 
E 2, S, 6, 8, 11, 12, 13, 14 Tl - TS 9 
F 1, 3, S, 6, 8, 10, 11 T6 - TlO s 
G 1, 2, 3, s, 6, 7, 8, 9' 10, 11 cs - ca 4 
H 1, 3, S, 6, 7, 8, 10, 11 BCO-NEpi 27 
.... 
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are several variables that cannot be easily controlled. These 
have been studied as noted in the Literature Review. They in-
clude factors such as the varying depth of the myocardium pen-
etrated by the suture needle, the number of layers of the myo-
cardium encountered by the suture, and the orientation of the 
arch. Although strain gauges can be calibrated in terms of 
grams of force, such calibrations are not meaningful in view 
of these variables. Since calibrations were not deemed ap-
propriate, data were treated in terms of percent increase 
over control values. In order to facilitate the reading of 
the tracings, the gain controls on each of the several pre-
amplifiers were adjusted to give a control deflection of ten 
millimeters. As the experiment progressed, adjustments were 
made as needed to maintain the ten millimeter control value. 
2. Statistical Analyses 
Statistical analyses consisted of correlated or inde-
pendent analysis of variance as described by Garrett (12). 
Correlated or independent t tests of significance were ap-
plied whenever the analysis of variance produced a signifi-
cant F ratio. 
3. Chronotropic and Pressor Responses 
Unlike the measurement of inotropic responses men-
tioned above, both chronotropic and pressor responses were 
carefully calibrated. Differences between control and 
experimental values were computed and these differences sub-
jected to correlated t tests and analysis of variance. 
4. Criteria for Rejection 
Individual experiments were excluded from the data 
analysis on either of two bases: (1) lack of responsiveness 
to stimulation of all of the first three ventral thoracic 
roots; or (2) deterioration of the preparation as evidenced 
by decrease in systolic blood pressure to less than 90 mm Hg. 
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A. Series A 
1. Series Description 
CHAPTER IV 
RESULTS 
In this series, the first five ventral thoracic roots 
were stimulated in twelve dogs. Measurements of contractile 
force were obtained in Areas 1, 2, 3, and 4. These areas 
were located on the anterior surface of the right ventricle 
as shown in Figure 1. 
2. Inotropic Responses 
a. Comparisons among areas 
Comparisons of inotropic responses are presented in 
Figure 3. Responses in Area 1 were very similar to those 
of Area 2 regardless of the root stimulated. Similarly, 
the responses of Area 3 closely paralleled those of Area 4 
except during the stimulation of RT2. During the stimula-
tion of the fourth and fifth roots of either side, rela-
tively small responses were seen in any area. The fourth 
and fifth roots of the left side, however, produced greater 
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responses in Areas 1 and 2 than in Areas 3 and 4. 
The data shown in Figure 3 were analyzed by correlated 
analysis of variance. The resulting F ratios are presented 
in Table 2. Eight of the ten F ratios were significant. 
Whenever significant F ratios were found by analysis of vari-
ance, correlated t tests were applied to the difference be-
tween areas. 
As shown in Table 3, no significant difference was 
found between Areas 1 and 2 regardless of the root stimula-
ted. The same can be said for Areas 3 and 4 with the excep-
tion of RT2. For this root, a difference significant at the 
.10 level was found between Areas 3 and 4. Although Area 1 
showed a slightly greater average increase in contractile 
force during the stimulation of LTl, LT2, and LT3 than did 
Area 2, none of these differences were significant. Al-
though the fourth and fifth roots did not produce large ino-
tropic increases as compared with the upper three thoracic 
roots, some significant differences were observed during 
left-side stimulation. 
b. Comparisons among roots 
As shown in Table 2, the F ratios for comparisons 
among roots were highly significant (P<.001). Differences 
between roots were further analyzed via t tests of signifi-
cance. These are presented in Table 4. 
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Increases in contractile force (ordinate) produced dur-
ing stimulation of the first five ventral thoracic roots (ab-
scissa) of the left and right sides. Increases are expressed 
in terms of percent increase over control levels. Each line 
on the graph represents the responses in the Area (A) as iden-
tified in Figure 1. Note that the responses in Area 1 and 2 
are very similar and that Areas 3 and 4 are also very similar. 
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TABLE 2 
PE:ECENI' INCREASES IN OONI'RACI'ILE FORCE PRODUCED IN AREAS 1, 2, 3, AND 4 DURING 
STI.MUIATIOO OF THE FIRST FIVE VENI'RAL THORACIC RCDTS 
AS SHCWN IN FIGURES 3 AND 4 
I.ef t Roots Right Roots l@OV 
Areas LTl LT2 LT3 LT4 LT5 RI'l Rl'2 Rl'3 Rl'4 Rl'5 F 
1 80 119 56 29 18 60 74 48 16 18 8.53 
2 68 99 53 28 17 49 79 47 14 9 8.16 
3 33 61 30 16 7 31 53 24 6 10 4.20 
4 39 54 25 9 6 28 23 17 11 11 6.23 
F 4.94 5.69 6.88 4.20 3.54 9.88 3.90 7.52 o. 72 1. 74 
p 
.01 .01 .01 .05 .05 .001 .05 .001 NS NS 
p 
.001 
.001 
.001 
.001 
w 
Ul 
, 
r 
TABIB 3 
Probability ratios for differences in contractile force produced between areas during stimula-
tion of each of the ventral thoracic roots of the left and right sides. Correlated t tests were used 
to ccrcpute the probability ratios (Series A) • 
left Roots Right Roots 
Area 
Corrparison LTl LT2 LT3 LT4 LT5 RI'l RI'2 RI'3 RI'4 RI'5 
1-2 
1-3 .01 .01 .01 .05 .05 .001 .01 
1-4 .01 .01 .01 .01 .05 .001 .01 .001 
2-3 .05 .05 .01 .05 .05 .01 
2-4 .05 .05 .001 .01 .05 .01 .01 .001 
3-4 
SED 14.3 18.4 8.6 6.6 4.9 6.9 18.0 8.2 7.7 4.3 
w 
O"I 
, 
In general, stimulation of the second root of either 
side resulted in a greater average increase in contractile 
force than did any other root of that side. See Figure 4. 
Individual comparisons of each of the other roots with LT2 
were generally significant. Exceptions to this generaliza-
tion were found in Area 4 with LTl and in Areas 2 and 3 with 
RT2. See Table 4. 
The next most effective roots in producing inotropic 
changes were the first on each side followed by the third. 
In no instance were the differences between these roots sig-
nificant. On the left side, the fourth root produced a 
larger average increase in contractile force than did the 
fifth root. On the right side, these two roots gave very 
similar results. See Figure 4. Like the differences be-
tween the first and third roots, no significant differences 
were seen between the fourth and fifth roots of either side. 
See Table 4. 
Numerous deviations from the patterns presented in 
Figures 3 and 4 were seen in individual animals. In some 
animals, the third root produced a far greater inotropic 
response than the second. When this was the case, the 
fourth root also gave a greater-than-average response. In 
addition, the first root was sometimes observed to surpass 
~11 others in producing inotropic responses. In general, 
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TABLE 4 
Probability ratios for differences in effectiveness of various roots 
in producing changes in contractile force in Areas 1, 2, 3, and 4. Cor-
related t tests of significance -were used to carpute the probability ratios 
(Series A). 
Areas Areas 
Root !bot 
conparisons 1 2 3 4 Carparisons 1 2 3 4 
LT1-LT2 .01 .OS .OS LT4-LTS 
LT1-LT3 
LT1-LT4 .01 .01 .001 .OS 
LTl-LTS .001 .001 .OS .001 LT4-Rl'2 .01 .001 .001 
LT4-Rl'3 
LTl-Rl'l LT4-Rl'4 
LT1-Rl'2 .OS LT4-Rl'S 
LT1-RI'3 .01 
LT1-RI'4 .001 .001 .01 LTS-Rl'l .OS .OS .01 
LTl-Rl'S .001 .001 .Ol LTS-Rl'2 .01 .001 .001 .OS 
LTS-Rl'3 .OS 
LT2-LT3 .001 .01 .OS .001 LTS-Rl'4 
LT2-LT4 .001 .001 .001 .001 LTS-Rl'S 
LT2-LTS .001 .001 .001 .001 
Rl'l-R1'2 .OS .OS 
LT2-Rl'l .001 .001 .OS .01 Rl'l-R1'3 
LT2-Rl'2 .01 .001 Rl'l-R1'4 .01 .OS 
LT2-Rl'3 .001 .001 .001 .001 Rl'l-Rl'S .OS .01 .OS 
LT2-Rl'4 .001 .001 .001 .001 
LT2-Rl'S .001 .001 .001 .001 R1'2-R1'3 .01 
Rl'2-Rl'4 .001 .001 .001 
LT3-LT4 Rl'2-Rl'S .01 .001 .001 
LT3-LTS .OS .OS .OS 
Rl'3-Rl'4 .01 
LT3-Rl'l Rl'3-Rl'S .01 
LT3-Rl'2 .OS 
LT3-RI'3 Rl'4-R1'5 
LT3-Rl'4 .OS .01 
LT3-Rl'S .OS .01 
SE!J 17 lS 13 9 SE!J 17 lS 13 9 
...... 
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PERCENT INCREASES IN FORCE OF CONTRACTION 
SERIES A 
(n = 12) 
A4 
Increases in contractile force (ordinate) seen in four 
areas of the right ventricle (abscissa) during stimulation of 
the first five ventral thoracic roots of the left (L) and 
right (R) sides. Increases are expressed as percent increase 
over control levels. Note the magnitude of the response of 
each area during stimulation of the second root of each side. 
Areas 1 and 2 showed some response to stimulation of the 
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fourth root particularly of the left side. The first root gen-
erally surpassed the third in magnitude of response . 
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however, most animals followed the average patterns of response 
depicted in Figures 3 and 4. That these patterns are the most 
usual patterns is supported by the large number of highly sig-
nificant statistical comparisons presented in Tables 3 and 4. 
c. Chronotropic responses 
As shown previously by Randall and his coworkers (26), 
stimulation of the right roots led to greater increases in 
heart rate than did the left roots. As shown in Figure 5, 
stimulation of the second root of the right side gave the 
largest increase in heart rate. This increase was signifi-
cant beyond the .001 level. Significant rate responses were 
also seen during the stimulation of RTl (P<.05) and RT3 
(P<.01). See Table 5. Although rate responses were ob-
served during the stimulation of other roots, none of the 
other increases were significant for these twelve dogs. 
Correlated analysis of variance was applied to the 
changes in heart rate resulting from the stimulation of 
each of the ten roots. The resulting F ratio was highly 
significant (P<.001). Individual t tests applied to these 
data showed that RT2 produced a significantly greater in-
crease in heart rate than did any of the other roots of 
either side except RTl. See Table 6. The difference be-
tween RTl and RT2 was significant buy only at the .10 level 
of confidence. Other significant differences are identified 
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FIGURE 5 
CHANGES IN HEART RATE 
SERIES A 
(n = 12) 
1.001) 
(.Qt) 
l 
(nsl 
Changes in heart rate in beats per minute (ordinate) 
observed during stimulation of the first five ventral thora-
cic roots of the left and right sides (abscissa) . Standard 
errors of the mean differences are depicted at the top of 
each rectangle and levels of significance are indicated. 
Note that the right roots produced greater changes than 
those of the left but that acceleration was also seen during 
stimulation of the left roots. 
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TABLE 5 
statistical surrm:rry of heart rate changes produced during stim-
ulation of the first five ventral thoracic roots as shown in Figure 5 
(Series A). 
I.ef t Roots Right Roots 
LTl LT2 LT3 LT4 LT5 RI'l RI'2 RI'3 RI'4 
D 10 9 6 .17 1 17 26 16 7 
SEo 5.3 5.2 3.2 1.9 • 73 5.8 3.8 4.1 4.3 
t 1.8 1.8 1.8 .09 1.5 2.9 6.8 4.0 1.5 
p 
.05 .001 .01 
D = difference between control and stimulation values in 
beats per minute 
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RI'5 
5 
3.5 
1.4 
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TABLE 6 
Probability ratios for differences in effectiveness of each root to 
change heart rate. Correlated t tests were used to corrpute the probability 
ratios (Series A). 
I.eft Roots Right Roots 
Roots LTl LT2 LT3 LT4 LT5 Rl'l Rl'2 Rl'3 Rl'4 
LT2 
LT3 
LT4 .05 
LT5 
Rl'l .05 .001 .01 
Rl'2 .01 .001 .001 .001 .001 .10 
Rl'3 .05 .01 .01 .05 
Rl'4 .001 
Rl'5 .05 .001 .05 
in Table 6. 
B. Series B 
1. Series Description 
In this series, the first five ventral thoracic roots 
were stimulated in twenty five dogs. Measurements of con-
tractile force were taken in Areas 5, 6, 7, 8, and 9. These 
areas were located as shown in Figure 1. 
2. Inotropic Responses 
a. Comparisons among areas 
Average increases in contractile force for the twenty-
fi ve dogs are presented in Table 7. Graphic representation 
of these data is depicted in Figure 6. The patterns of re-
sponse in each of these five areas were very similar, closely 
parallel, and nearly equal in magnitude. Although the pat-
tern shown by Area 9 was parallel to those of the other 
areas, its magnitude was notably less during stimulation of 
the first three roots of the right side. 
Statistical comparisons between areas for each of the 
roots are summarized in Table 8. As one might suspect from 
Figure 5, Area 9 was significantly different from each of the 
other areas during stimulation of the first three roots of 
the right side. Of all the roots stimulated, RTl produced 
the largest number of significant differences between areas. 
Other significant differences were noted during stimulations 
------
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TABLE 7 
Percent increase in contractile force produced in Areas 5, 6, 7, 8, and 9 during stimulation of 
the first five ventral thoracic roots as shown in Figures 6 and 7 (Series B) . 
left Roots Right Roots 
Areas LTl LT2 LT3 LT4 LT5 RI'l RI'2 RI'3 RI'4 
5 64 77 33 15 5 49 92 27 3 
6 49 58 24 17 1 71 102 37 5 
7 51 53 31 18 -1 62 79 34 9 
8 64 77 37 14 .2 49 75 35 7 
9 38 57 31 13 .5 12 28 7 3 
F 1.67 0.78 1.31 0.40 2.97 10.81 5.57 3.91 1.20 
p NS NS NS NS .05 .001 .001 .01 NS 
RI'5 
2 
-.2 
8 
-.2 
4 
1.29 
NS 
AN:JV 
F 
18.0 
25.1 
11.6 
9.0 
10.l 
p 
.001 
.001 
.001 
.001 
.001 
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FIGURE 6 
PERCENT INCREASES IN FORCE OF CONTRACTION 
SERIES B 
(n = 25) 
46 
Increases in contractile force (ordinate) produced dur-
ing stimulation of the first five ventral thoracic roots (ab-
scissa) of the left and right sides. Increases are expressed 
in terms of percent increase over control levels. Each line 
of the graph represents the responses in the Area (A) as iden-
tified in Figure 1. Note the shift in the magnitude of re-
sponse observed in Area 9 on the left as compared to the right 
side. 
r 
TABLE 8 
Probability ratios for differences in contractile force produced between areas during stiIIDlla-
tion of each of the ventral thoracic roots of the left and right sides. Correlated t tests were used 
to carpute the probability ratios (Series B). 
left Foots Right Foots 
Area 
Corcparison LTl LT2 LT3 LT4 LTS RI'l RI'2 RI'3 RI'4 RI'S 
S-6 .OS .OS 
S-7 .10 .01 
S-8 
S-9 .10 .OS .001 .01 .OS 
6-7 .OS 
6-8 .OS 
6-9 .10 .001 .001 .01 
7-8 
7-9 .OS .001 .01 .01 
8-9 .001 .01 .01 
SEb 8.0 9.S 7.S 4.9 2.6 9.4 14.S 6.6 3.0 3.S 
"'" ....J
, 
-----
of RT2, RT3, LTl, and LTS. 
b. Comparisons among roots 
Examination of Figure 7 shows that stimulation of the 
second root was the most effective root on each side in pro-
ducing increases in contractile force. The second root of 
the right side surpassed that of the left in Areas 5, 6, and 
7. In Area 8, LT2 and RT2 produced very similar results 
while LT2 was more effective in Area 9. Although responses 
to LTl stimulation were somewhat less than to LT2, the dif-
ferences between these two roots were not significant ex-
cept in Area 9. See Table 9. Both LTl and LT2 produced 
changes in contractile force that were significantly greater 
than those seen during stimulation of any of the other left 
roots. Except in Area 9, no significant differences were 
seen between LT3 and LT4. For these areas, the fifth roots 
had very little effect. 
c. Comparisons with the data of Series A 
It should be noted that while LT2 surpassed RT2 in 
Areas 1, 2, 3, and 4, the situation was reversed in Areas 
5, 6, and 7. See Figure 8. While both roots produced simi-
lar results in Area 8, LT2 was more effective in Area 9. 
Similar comparisons between the first and third roots were 
observed. 
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A7 AB A9 
Increases in contractile force (ordinate} seen in five 
areas of the heart (abscissa} during stimulation of the first 
five ventral thoracic roots of the left and right sides. In-
creases are expressed as percent increase over control levels. 
Note the magnitude of the response in each area during stimula-
tion of the second root of each side. 
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TABLE 9 
Probability ratios for differences in effectiveness of various roots 
in producing changes in contractile force in Areas 5, 6, 7, 8, and 9. Cor-
related t tests were used to carpute the probability ratios (Series B). 
Areas Areas 
ROOt Rcx:>t 
eorrpa.risons 5 6 7 8 9 Conparisons 5 6 7 8 9 
LT1-LT2 .05 
LT1-LT3 .01 .01 .10 .05 
LT1-LT4 .001 .001 .01 .001 .01 LT4-RI'l .01 .001 .001 .05 
LT1-LT5 .001 .001 .001 .001 .001 LT4-RI'2 .001 .001 .001 .001 
LT4-RI'3 .05 
LTl-Rl'l .05 .001 LT4-Rl'4 
LT1-Rl'2 .01 .001 .01 LT4-RI'5 
LT1-RI'3 .001 .05 .001 
LT1-Rl'4 .001 .001 .001 .001 .001 LT5-Rl'l .001 .001 .001 .001 
LT1-RI'5 .001 .001 .001 .001 .001 LT5-Rl'2 .001 .001 .001 .001 .01 
LT5-Rl'3 .05 .001 .01 .05 
LT2-LT3 .001 .001 .05 .01 .01 LT5-Rl'4 
LT2-LT4 .001 .001 .01 .001 .001 LT5-RI'5 
LT2-LT5 .001 .001 .001 .001 .001 
Rl'l-Rl'2 .001 .001 
LT2-Rl'l .01 .05 .001 Rl'l-Rl'3 .05 .001 .01 
LT2-Rl'2 .001 .05 .001 RI'l-RI'4 .001 .001 .001 .01 
LT2-Rl'3 .001 .05 .01 .001 RI'l-Rl'5 .001 .001 .001 .001 
LT2-Rl'4 .001 .001 .001 .001 .001 
LT2-RI'5 .001 .001 .001 .001 .001 Rl'2-Rl'3 .001 .001 .001 .01 .01 
Rl'2-Rl'4 .001 .001 .001 .001 .01 
LT3-LT4 .05 RI'2-Rl'5 .001 .001 .001 .001 .01 
LT3-LT5 .01 .05 .01 .01 .001 
Rl'3-Rl'4 .05 .001 .05 .05 
LT3-Rl'l .001 .01 .05 Rl'3-Rl'5 .05 .001 .05 .05 
LT3-Rl'2 .001 .001 .001 .01 
LT3-Rl'3 Rl'4-Rl'5 
LT3-Rl'4 .01 .05 .05 .05 .001 
LT3-Rl'5 .01 .01 .05 .01 .01 
SETI 10.8 9.5 11.0 14.2 8.3 SEo 10.8 9.5 11. 0 14 • 2 8 • 3 
--
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FIGURE 8 
PERCENT INCREASE IN FORCE OF CONTRACTION 
SERIES A AND B 
(n = 25) 
Increases in contractile force (ordinate) produced dur-
ing stimulation of the second root of the left and right sides. 
Increases are expressed in terms of percent increase over con-
trol levels. Each line on the graph indicates the response of 
each area (abscissa) identified in Figure 1. Note the greater 
responses of the right ventricle during stimulation of the left 
roots and the greater responses of the left ventricle during 
stimulation of the right roots. Responses in Areas 1, 2, 3, 
and 4 included twelve dogs (Series A) and responses in Areas 5, 
6, 7, 8, and 9 included 25 dogs (Series B). 
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a. Chronotropic responses 
The pattern of chronotropic responses for this series 
are swnmarized in Figure 9. The largest increases in heart 
rate were seen during stimulation of the first three roots 
of the right side. These data are consistent with Series A. 
statistical analyses of the data for each root produced nine 
significant t ratios. See Table 10. 
A highly significant F ratio (P<.001) was found when 
changes in heart rate were subjected to analysis of variance. 
Probability ratios for differences in ability of each root 
to produce changes in heart rate are summarized in Table 11. 
While the first three roots of the right side were not sig-
nificantly difference from each other, they were different 
from all other roots of both sides. The one exception to 
this generalization was seen between RT2 and RT3. Generally, 
the left roots did not differ from one another. 
e. Pressor responses 
As each of the roots were stimulated, increases in 
both systolic and diastolic blood pressure were commonly ob-
served. See Figure 10. Unlike the heart rate, blood pres-
sure responses were generally greater during stimulation of 
the left roots. Table 12 summarizes the changes in systolic 
and diastolic blood pressures associated with stimulation of 
each of the ten roots. With the exception of the diastolic 
FIGURE 9 
CHANGES IN HEART RATE 
SERIES B 
(n = 25) 
Changes in heart rate in beats per minute (ordinate) 
observed during stimulation of the first five ventral thora-
cic roots of the left and right sides (abscissa) . Standard 
errors of the mean differences are depicted at the top of 
each rectangle and levels of significance are indicated. 
Note that the right roots produced the greatest changes than 
those of the left but that acceleration was also seen during 
stimulation of the left roots. 
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TABIB 10 
Statistical surrmary of heart rate changes produced during stimulation of the first five ventral 
thoracic roots (Series B). 
left Roots Right Roots 
LTl LT2 LT3 LT4 LT5 RI'l RI'2 RI'3 
*D 13 12 7 5 -2 45 49 36 
SEo 3.58 3.98 2.21 2.47 4.04 5.45 4.43 5.59 
t 3.43 3.10 2.21 2.06 0.59 8.05 11.21 6.28 
p 
.01 .01 .05 .05 NS .001 .001 .001 
*D = difference be~n control and stimulation values 
RI'4 
6 
3.45 
1.67 
.01 
RI'5 
4 
2.09 
2.07 
.05 
U1 
ii::. 
~ 
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TABIE 11 
Probability ratios for differences in the effectiveness of each root 
to change heart rate. Correlated t tests were used to conpute the proba-
bility ratios (Series B). 
left Roots Right Roots 
LTl LT2 LT3 LT4 LT5 RI'l RI'2 RI'3 RI'4 
LT2 
LT3 
LT4 
LT5 .01 .01 
RI'l .001 .001 .001 .001 .001 
RI'2 .001 .001 .001 .001 .001 
RI'3 .001 .001 .001 .001 .001 .05 
RI'4 .001 .001 .01 
RI'5 .001 .001 .001 
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FIGURE 10 
CHANGES IN BLOOD PRESSURE 
SERIES B 
(n = 25) 
(.001) 
(.01) 
(.001) (.001) 
(.01) 
T3 
Right 
(.01) 
Changes in blood pressure in mm of Hg (ordinate) ob-
served during stimulation of the first five ventral thoracic 
roots of the left and right sides. Systolic blood pressure 
56 
1.0011 
(.01) 
is indicated by the top of each rectangle; diastolic blood 
pressure is indicated by the bottom of each rectangle. Stan-
dard errors of the mean differences and levels of significance 
are indicated. Note the greater effectiveness of the left 
roots over those of the right. 
.... 
pressure response during stimulation of LT5, all roots pro-
duced significant t ratios. 
f. Systolic blood pressure 
During stimulation of the first four roots of the left 
side, the average increases in systolic blood pressure varied 
between 18 and 25 mm Hg. See Table 12. It was the first two 
roots that produced the greater increases in blood pressure. 
The next most effective left roots were the fourth and the 
third. The fifth root of the left side produced the smallest 
increase of any of the ten roots. On the right side, very 
little difference was seen among any of the roots in their 
ability to increase systolic blood pressure. Average in-
creases for these roots ranged from 12 to 16 mm Hg. The 
largest increase was seen with RT2 followed by RT4, RT3, 
RT5, and RTL 
Statistical comparisons for changes in systolic blood 
pressure are presented in the top half of Table 13. The 
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first and second roots of the left side did not differ from 
one another or from LT4. Significant differences were noted 
for these two roots when compared with LT3 and LT5. Responses 
of the first two roots of the left side were also different 
from those produced by any of the right roots. None of the 
right roots were different from one another . 
TABIB 12 
Statistical surrmary of blood pressure changes produced during stimulation of the first five ven-
tral thoracic roots as shCMn in Figure 10 (Series B) • 
Left Roots 
LTl LT2 LT3 LT4 LT5 RI'l 
s 
y *D 25.2 24.9 17.8 19.2 5.2 11.6 
s 
T Sfb 6.25 3.39 3.09 4.05 2.11 2.51 
0 
L t 4.67 7.34 5.71 4.63 2.45 4. 72 
I 
c p .001 .001 .001 .001 .05 .001 
D 
I *D 12.2 11.8 8.6 12.4 1.8 5.5 
A 
s SE0 2.49 2.44 2.29 3.26 2.05 2.23 T 
0 t 4.92 4.83 3.78 3.80 0.86 2.48 
L 
I p .001 .001 .001 .001 NS .05 
c 
*D = difference between control and stimulation values 
Right Roots 
RI'2 RI'3 
16.0 13.l 
2.66 2.85 
6.03 4.61 
.001 .001 
6.7 10.2 
2.17 2.90 
3.10 3.52 
.01 .01 
RN 
13.3 
2.46 
5.39 
.001 
8.7 
2.82 
3.08 
.01 
RI'5 
12.4 
2.94 
4.20 
.001 
8.2 
2.93 
2.78 
.01 
Ul 
00 
·~ 
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TABLE 13 
Probability ratios for differences in the effectiveness of each 
root to change blood pressure. Correlated t tests were used to corrpute 
the probability ratios (Series B). 
:roars LTl LT2 LT3 LT4 LT5 RI'l RI'2 RI'3 RI'4 RI'5 
LT2 
LT3 .05 .05 
s LT4 
y 
s LTS .001 .001 .001 .001 
T 
0 RI'l .001 .001 .OS 
L 
I RI'2 .OS .OS .01 
c 
RI'3 .001 .01 .OS 
RI'4 .01 .01 .OS 
RI'S .001 .001 .OS 
LT2 
LT3 
D LT4 
I 
A LT5 .001 .001 .OS .001 
s 
T RI'l .OS .OS .OS 
0 
L RI'2 
I 
c RI'3 .01 
RI'4 .OS 
RI'S .OS 
---
g. Diastolic blood pressure 
Changes in diastolic blood pressure are surrunarized in 
Table 12 and Figure 10. All roots produced significant t 
ratios except LT5. 
LT2, LT4, and RT3. 
Comparable results were produced by LTl, 
These ranged between 10 to 12 rrun Hg. 
With the exception of LT5, all roots produced increases 
ranging from 5.5 to 8.7 rrun Hg. Comparisons among changes 
produced significant differences only when compared with the 
two least effective roots, RTl and LT5. See bottom half of 
Table 13. 
c. Series C 
1. Series Description 
In ten dogs, the first five ventral thoracic roots 
were stimulated. As in Series B, inotropic measurements 
were taken in Areas 5, 6, 7, 8, and 9. In addition, Areas 
10 and 11 were also included. Area 10 was located just be-
low Area 9 on the posterior surface of the right ventricle. 
Area 11 was located in the middle of the posterior surface 
of the left ventricle. 
2. Inotropic Responses 
a. Comparisons among areas 
Average inotropic responses for each area are pre-
sented in Figure 11. As in Series A and B already presented, 
the patterns of contractile force for each area ran parallel 
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FIGURE 11 
PERCENT INCREASES IN FORCE OF CONTRACTION 
SERIES C 
(n = 10} 
Increases in contractile force (ordinate} produced 
during stimulation of the first five ventral thoracic roots 
(abscissa) of the left and right sides. Increases are ex-
pressed in terms of percent increase over control levels. 
Each line on the graph represents the responses in each area 
(A) as identified in Figure 1. Note the shift in Areas 6, 
10, and 11 during stimulation of the left roots as compared 
with those of the right. 
61 
..... 
62 
with each of the other areas regardless of the side stimulated. 
Area 9 was one of the least responsive during stimulation of 
all five roots of both sides. Areas 10 and 11 were the most 
responsive during left-side stimulation but were much less re-
sponsive when the right roots were stimulated. 
These data were analyzed by correlated analysis of var-
iance. The resulting F ratios were presented in Table 14. 
Significant F ratios were found for the first three roots of 
both sides. For these six roots, differences among areas were 
analyzed by correlated t tests of significance. Probability 
ratios for these differences are presented in Table 15. 
During stimulation of the left roots, Areas 10 and 11 
were usually significantly different from each of the other 
areas. During stimulation of the fourth and fifth roots of 
either side, no significant differences were found among 
areas. See Table 15. As one might suspect from the spread 
in area patterns shown in Figure 10, more significant dif-
ferences were found during stimulation of the right roots. 
During stimulation of RTl and RT2, Areas 9, 10, and 11 were 
generally significantly different from almost all other areas. 
See Table 15. 
b. Comparisons among roots 
Inotropic patterns of response for each root are shown 
in Figures 12 and 13. Like the responses seen in Series A 
'l'ABLE 14 
Percent increases in contractile force produced in Areas 5, 6, 7, 8, 9, 10, and 11 during stimu-
lation of th= first five ventral thoracic roots as shown in Figures 11, 12, and 13 (Series C). 
I.eft !bots 
l-..ri:::as LTl LT2 LTJ LT4 LT5 
5 49 75 20 10 1 
6 54 72 27 13 1 
7 36 51 13 5 -3 
8 48 66 26 19 -1 
9 34 65 29 4 -1 
10 61 83 42 13 -1 
11 84 114 61 16 2 
F 1.96 3.37 5.23 0.78 0.65 
p NS .01 .001 NS NS 
Right R<X>ts 
Rl'l RI'2 RI'3 
64 105 33 
90 113 37 
71 82 32 
73 108 51 
11 22 8 
12 27 12 
43 59 33 
10.03 7.76 2.50 
.001 .001 .05 
RI'4 RI'5 
2 6 
-3 4 
1 4 
-1 4 
-1 2 
2 1 
2 5 
0.64 0.20 
NS NS 
NJOV 
F 
11.34 
20.59 
18.12 
10.31 
8.23 
12.41 
12.08 
p 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
O"I 
w 
~ 
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TABIE 15 
Probability ratios for differences in cxmtractile force produced be-
tween areas during stimulation of each of the ventral thoracic roots of the 
left and right sides. Correlated t tests VJere used to a::irrpute the proba-
bility ratios (Series C). 
Left Roots Right Roots 
Area 
canparison LTl LT2 LT3 LT4 LT5 RI'l RI'2 RI'3 RI'4 RI'5 
5-6 .05 
5-7 
5-8 
5-9 .001 .001 
5-10 .05 .001 .001 
5-11 .05 .01 .001 .05 
6-7 
6-8 
6-9 .001 .001 .05 
6-10 .05 .001 .001 .05 
6-11 .05 .01 .001 .001 .01 
7-8 
7-9 .001 .01 
7-10 .05 .001 .001 .01 
7-11 .01 .01 .001 .05 
8-9 .001 .001 .01 
8-10 .05 .001 .001 .01 
8-11 .01 .01 .001 .05 .01 
9-10 
9-11 .01 .01 .01 .05 
10-11 .05 .05 
SEU 16.44 15.00 9.77 8.82 3.13 13.39 18.90 12.16 3.14 3.93 
--~ 
140 
130 
~ 120 
~ 
0 
""110 
• 
=100 
-u 
~ 90 
c 
0 () 80 
c 70 
• 60 
• ! SO LT1 
u 
c 
- 40 
c 
• 30 
~ 
:. 20 L T3 
10 L T4 
0 LTs----
AS A6 A7 A8 A9 A10 A11 
Epicardial Area• 
FIGURE 12 
PERCENT INCREASES IN CONTRACTILE FORCE 
SERIES C 
(n = 10) 
Increases in contractile force (ordinate) seen in 
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seven areas of the heart (abscissa) during stimulation of the 
first five ventral thoracic roots of the left side. In-
creases are expressed as percent increase over control levels. 
Note the magnitude of the response in each area during stimu-
lation of the second root. 
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FIGURE 13 
PERCENT INCREASE IN CONTRACTILE FORCE 
SERIES C 
(n = 10) 
Increases in contractile force (ordinate) seen in 
66 
seven areas of the heart (abscissa) during stimulation of the 
first five ventral thoracic roots of the right side. In-
creases are expressed as percent increase over control levels. 
Note the magnitude of the response in each area during stimu-
lation of the second root. Areas 5, 6, 7, and 8 responded 
more to the right roots than Areas 9, 10, and 11. Compare 
with Figure 12. 
and B, the second root of each side was the most effective in 
producing increases in contractile force. The first root was 
next in order of effectiveness followed by the third, fourth 
and fifth. This was true for both the left and right sides. 
Stimulation of the right roots resulted in a greater 
increase in force of contraction in the areas of the anter-
ior surface of the left ventricle especially Areas 5, 6, 7, 
and 8. The left roots, however, produced greater inotropic 
responses in areas located on the posterior surf aces of the 
right and left ventricles. See Figure 14. 
The data presented in Figures 12 and 13 were analyzed 
via correlated analysis of variance. The resulting F ratios 
were all highly significant and are presented in Table 14. 
Correlated t tests were then applied to the differences be-
tween roots. Probability ratios for various root compari-
sons are presented in Table 16. The consistency of ino-
tropic responses shown by the dogs of this series is evi-
dent in the large number of significant differences in 
Table 16. 
3. Chronotropic Responses 
Heart rate responses for Series C are presented in 
Figure 15. Like Series A and B, the right roots of Series C 
produced larger increases in heart rate than did the left 
roots. T ratios and P ratios for these data are presented 
----------------
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Increases in contractile force (ordinate) produced 
during stimulation of the second root of the left and right 
sides. Increases are expressed as percent increase over con-
trol levels. Note the greater responsiveness of the anterior 
surface to the stimulation of the right roots and the greater 
responsiveness of the posterior surface to the left-root stim-
ulation. 
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TABLE 16 
Probability ratios for differences in effectiveness of various roots 
in producing changes in contractile force in Areas 5, 6, 7, 8, 9, 10, and 
11. Correlated t tests ~re used to corrpute the probability ratios 
(Series C). 
Areas 
Root 
Conparison 5 6 7 8 9 10 11 
LT1-LT2 .10 .10 .01 .05 .05 
LT1-LT3 .05 .05 .05 .10 
LT1-LT4 .01 .001 .01 .10 .01 .001 .001 
LTl-LTS .001 .001 .001 .01 .001 .001 .001 
LTl-RTl .01 .001 .05 .001 .01 
LT1-RT2 .001 .001 .001 .001 .01 
LT1-RT3 .05 .001 .001 
LT1-RT4 .001 .001 .001 .01 .001 .001 .001 
LTl-RTS .01 .001 .01 .01 .01 .001 .001 
LT2-LT3 .001 .001 .001 .01 .001 .001 .001 
LT2-LT4 .001 .001 .001 .01 .001 .001 .001 
LT2-LT5 .001 .001 .001 .001 .001 .001 .001 
LT2-RI'l .10 .05 .001 .001 .001 
LT2-RT2 .05 .001 .01 .01 .001 .001 .001 
LT2-RT3 .01 .01 .05 .001 .001 .001 
LT2-RT4 .001 .001 .001 .001 .001 .001 .001 
LT2-RT5 .001 .001 .001 .001 .001 .001 .001 
LT3-LT4 .05 .01 .01 
LT3-LT5 .05 .10 .01 .001 .001 
LT3-RT1 .01 .001 .001 .01 .01 
LT3-RT2 .001 .001 .001 .001 
LT3-RT3 .10 .10 .05 .01 .05 
LT3-RT4 .05 .10 .01 .001 .001 
LT3-RT5 .05 .01 .001 .001 
LT4-LT5 
LT4-RT1 .001 .001 .001 .001 
LT4-RT2 .001 .001 .001 .001 .001 
LT4-RT3 .05 .01 .05 
LT4-RT4 
LT4-Rl'5 
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TABLE 16 (continued) 
Areas 
Root 
eonparison 5 6 7 8 9 10 11 
LT5-RI'l .001 .001 .001 .001 .01 
LT5-RI'2 .001 .001 .001 .001 .05 .05 .001 
LT5-RI'3 .05 .01 .001 .001 .05 
LT5-RI'4 
LT5-RI'5 
RI'l-RI'2 .01 .05 
RI'l-RI'3 .05 .001 .001 
RI'l-Rr4 .001 .001 .001 .001 .01 
RI'l-RI'5 .001 .001 .001 .001 .01 
RI'2-RI'3 .001 .001 .001 .001 
RI'2-RI'4 .001 .001 .001 .001 .05 .05 .001 
RI'2-RI'5 .001 .001 .001 .001 .05 .05 .001 
RI'3-RI'4 .05 .01 .01 .001 .05 
RI'3-RI'5 .01 .01 .01 .05 
RI'4-RI'5 
srn 14.95 12.57 10.11 15.98 10.36 11.37 15.38 
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FIGURE 15 
CHANGES IN HEART RATE 
SERIES C 
(n = 10) 
(.001) 
(01) 
T3 
Right 
(ns) 
I 
Changes in heart rate in beats per minute (ordinate) 
observed during stimulation of the first five ventral thora-
cic roots of the left and right sides (abscissa) . Standard 
errors of the mean differences are depicted at the top of 
each rectangle and levels of significance are indicated. 
Note that the right roots produced the greater changes than 
those of the left but that acceleration was also seen during 
stimulation of the left roots. 
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(ns) 
.I. 
r 
in Table 17. Significant increases in heart rate were seen 
during stimulation of LTl, LT2, RTl, RT2, and RT3. 
Correlated analysis of variance was applied to the 
changes in heart rate produced by each root. This resulted 
in a highly significant F ratio (P<.001). The P ratios for 
comparisons between each pair of roots are presented in 
Table 18. The first three roots of the right side were sig-
nificantly different from all left roots and the fourth and 
fifth roots of the right side. 
4. Presser Responses 
Changes in systolic and diastolic blood pressures dur-
ing stimulation of each of the ten roots are presented in 
Figure 16. With the exception of LTS, all roots produced 
significant increases in systolic blood pressure. Both LTS 
and RTS failed to produce significant changes in diastolic 
blood pressure. The t ratios and P ratios for these data 
are presented in Table 19. 
In order to compare the effectiveness of each root in 
producing changes in blood pressure, correlated analysis of 
variance was used. Since the resulting F ratio was highly 
significant, t tests were applied to differences between 
roots. The P ratios for these comparisons are presented in 
Table 20. The second root of the left side consistently 
produced larger increases in systolic and diastolic blood 
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TABLE 17 
Statistical sumrary of heart rate changes produced during stimu-
lation of the first five ventral thoracic roots as shCMil in Figure 15 
(Series C). 
left Roots Right Roots 
LTl LT2 LT3 LT4 LT5 RI'l RI'2 RI'3 RI'4 RI'5 
*D 10.00 14.00 4.9 1.10 0.70 45.20 50.30 31.40 1.40 0.10 
SEn 5.07 4.22 6.30 2.70 2.16 6.67 5.70 6.70 5.11 1.88 
t 1.97 3.31 0.78 0.41 0.32 6.78 8.82 4.69 0.27 0.05 
p 
.10 .01 NS NS NS .001 .001 .01 NS NS 
*D = difference betw2en control and stimulation values 
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TABLE 18 
Probability ratios for differences in the effectiveness of each root 
to change heart rate. Correlated t tests were used to corrpute the proba-
bility ratios (Series C). 
left !bots Right !bots 
LTl LT2 LT3 LT4 LT5 RI'l RI'2 RI'3 RI'4 
LT2 
LT3 
LT4 
LT5 .05 
RI'l .001 .001 .001 .001 .001 
RI'2 .001 .001 .001 .001 .001 
RI'3 .001 .01 .001 .001 .001 .05 
RI'4 .001 .001 .001 
RI'5 .05 .001 .001 .001 
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FIGURE 16 
CHANGES IN BLOOD PRESSURE 
SERIES C 
(n = 10) 
TJ 
Right 
Changes in blood pressure in mm of Hg (ordinate) ob-
served during stimulation of the first five ventral thoracic 
roots (abscissa) of the left and right sides. Systolic blood 
pressures are indicated by the top of each rectangle; dias-
tolic blood pressures are indicated by the bottom of each rec-
tangle. Standard errors of the mean differences of levels of 
significance are indicated. Note the greater degree of ef-
fectiveness of the left roots over those of the right. 
Ts 
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TABI.E 19 
statistical surmary of blood pressure changes produced during stim-
ulation of the first five ventral thoracic roots as shown in Figure 16 
(Series C). 
I.ef t Roots Right Roots 
LTl LT2 LT3 LT4 LTS RI'l RI'2 RI'3 RI'4 RI'S 
s 
y *D 22.80 32.60 14.60 9.40 2.70 18.60 18.00 8.20 10.20 11.90 
s 
T SED 3.23 3.44 3.62 2.29 4.6S 3.13 1.48 2.S6 2.3S S.36 
0 
L t 7.06 9.47 4.04 4.10 O.S8 S.94 12.20 3.20 4.34 2.22 
I 
c p .001 .001 .01 .01 NS .001 .001 .OS .01 .10 
D 
I *D 11.90 18.70 8.20 7 .10 -1. 7 13.30 9.40 s.so 6.80 8.70 
A 
S SED 2.71 2.16 2.S9 2.27 4.2S 2. 72 2.03 l.S7 1.94 4.7S 
T 
0 t 4.38 8.66 3.17 3.13 0.40 4.89 4.62 3.Sl 3.Sl 1.83 
L 
I p .01 .001 .OS .OS NS .001 .01 .01 .01 NS 
c 
*D = difference between control and stimulation values 
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TABIE 20 
Probability ratios for differences in the effectiveness of each root 
to change blood pressure. Correlated t tests were used to canpute the 
probability ratios (Series C). 
left Roots Right Roots 
LTl LT2 LT3 LT4 LT5 RI'l RI'2 RI'3 RI'4 
LT2 .05 
LT3 .001 
s LT4 .01 .001 
y 
s LT5 .001 .001 .05 
T 
0 RI'l .01 .001 
L 
I RI'2 .01 .01 
c 
RI'3 .01 .001 .05 .05 
RI'4 .01 .001 
RI'5 .05 .001 
LT2 
LT3 .05 
D 
I LT4 .01 
A 
s LT5 .001 .001 .05 .05 
T 
0 RI'l .05 .001 
L 
I RI'2 .05 .01 
c 
RI'3 .01 .05 
RI'4 .01 .05 
RTS .05 .01 
r 
i 
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pressures than did any of the other roots of either side. Sev-
eral other consistent differences are noted by the significant 
P ratios presented in Table 20. 
Comparison of Figure 16 with Figure 10 shows that LT2 
was more effective in raising blood pressure in Series C than 
in Series B. In general, however, the patterns of the two 
series are comparable. 
D. Series D 
1. Series Description 
In order to give a broader representation of the an-
terior and posterior surfaces of both ventricles, Areas 1, 
3, 5, 6, 8, 10, and 11 were used in Series D. The first 
five ventral thoracic roots were stimulated in nine dogs. 
2. Inotropic Responses 
a. Comparisons among areas 
Average inotropic responses among areas are shown in 
Figure 17. The patterns of response were very similar to 
those seen in Series A, B, and C. Like the other series, 
the area patterns ran parallel with each other regardless 
of the side stimulated. Very small responses were seen in 
any area during stimulation of the fourth and fifth roots of 
either side. 
Data shown in Figure 17 were subjected to analysis of 
variance. The resulting F ratios are given in Table 21. 
140 
130 
120 
Cl> 
u 110 
0 
~ 100 
Cl> 90 
u 
~ 80 
;: 
0 
u 70 A1 
= 
60 AJ 
Cl> 50 A11 
"' 
A5 
"' A 10 ~ 4ll AB 
'-' 
c 
- JO A6 
;: 
Cl> 20 
::: 
Cl> 
ll. 10 
0 
A1 
All 
AJ 
A5 
A6 
A 11 
A10 
T1 T2 TJ T4 Ts Ti T2 
Le It 
Ventral Thorac 1c Roots 
FIGURE 17 
PERCENT INCREASES IN FORCE OF CONTRACTION 
SERIES D 
(n = 9) 
TJ T4 
Right 
Increases in contractile force (ordinate) produced 
during stimulation of the first five ventral thoracic roots 
(abscissa) of the left and right sides. Increases are ex-
pressed in terms of percent increase over control levels. 
Each line on the graph represents the responses in each 
Area (A) as identified in Figure 1. Note the shift in mag-
nitude observed in Areas 10 and 11 on the left as compared 
to the right side. 
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' TABLE 21 
Percent increases in contractile force produced in Areas 1, 3, 5, 6, 8, 10, and 11 during stimula-
tion of the first five ventral thoracic roots as slxlwn in Figures 17, 18, and 19 (Series D). 
left Roots 
Areas LTl LT2 LT3 LT4 LT5 
1 66 138 61 18 13 
3 61 112 72 21 21 
5 49 81 30 5 7 
6 31 72 26 10 8 
8 39 68 33 6 3 
10 47 84 32 11 3 
11 49 78 47 10 14 
F 1.13 1.85 4.94 0.71 1. 78 
p NS NS .001 NS NS 
SEn 16.05 26.34 11.19 9.99 6.91 
Right Roots 
RI'l RI'2 RI'3 RI'4 
73 103 39 20 
45 77 36 20 
34 57 24 15 
34 55 24 12 
49 68 26 13 
21 27 15 4 
26 37 28 -2 
2.15 2.76 0.90 2.73 
NS .05 NS .05 
16.76 21.53 12.14 6.94 
RI'5 
11 
8 
11 
6 
1 
8 
8 
0.67 
NS 
6.26 
ANOV 
F 
7.56 
7.92 
5.28 
2.17 
5.89 
8.99 
6.12 
p 
.001 
.001 
.001 
.05 
.001 
.001 
.001 
00 
0 
~ 
Individual comparisons between areas for LT2, LT3, RTl, and 
RT2 showed that Area 1 was significantly different from all 
other areas except 3 and 8. In addition, stimulation of LT3 
produced significant differences between Area 3 and each of 
the other areas. Several other significant comparisons are 
noted in Table 22. 
b. Comparisons among roots 
Comparisons of inotropic responses to stimulation of 
left and right roots are shown in Figures 18 and 19. Like 
the responses of Series A, B, and C, the second roots were 
the most effective in producing inotropic changes. Next in 
order of effectiveness were the first and third roots. In 
general, the patterns of response ran parallel with each 
other regardless of the side stimulated. 
Comparisons of the first and second roots of both 
sides are presented in Figure 20. In series B anc C, the 
right roots surpassed the left in Areas 5, 6, 7, and 8. In 
Series D, however, RT2 was less effective than LT2 in these 
areas. The pattern for the first roots more nearly approxi-
mated those of Series B and C. It should be noted in Table 
21 that the F ratio for Area 6 barely reached significance 
at the .OS level while F ratios for all of the other areas 
were significant well beyond the .001 level. 
The probability ratios for comparisons between roots 
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TABLE 22 
Probability ratios for differences in contractile force produced be-
tween areas during stirrulation of each of the ventral thoracic roots of the 
left and right sides. Correlated t tests were used to canpute the proba-
bility ratios (Series D). 
Left Roots Right Foots 
Area 
Conparison LTl LT2 LT3 LT4 LT5 RI'l R1'2 Rr3 R1'4 Rr5 
1-3 
1-5 .05 .01 .05 .05 
1-6 .05 .01 .05 .05 
1-8 .05 .05 
1-10 .05 .05 .01 .001 .05 
1-11 .05 .01 .01 .01 
3-5 .001 .05 
3-6 .001 
3-8 .001 .05 
3-10 .001 .05 .05 .05 
3-11 .05 .001 
5-6 
5-8 
5-10 
5-11 .05 
6-8 
6-10 
6-11 .05 
8-10 .05 
8-11 
10-11 .05 
s~ 16 26 11 10 7 17 22 12 7 6 
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FIGURE 18 
PERCENT INCREASES IN FORCE OF CONTRACTION 
SERIES D 
(n = 9) 
83 
Increases in contractile force (ordinate) seen in seven 
areas of the heart (abscissa) during stimulation of the first 
five ventral thoracic roots of the left side. Increases are 
expressed as percent increase over control levels. Note the 
magnitude of the response in each area during stimulation of 
the second root. Note also the similarity of responses to the 
first versus second root and the fourth versus fifth roots. 
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PERCENT INCREASE IN FORCE OF CONTRACTION 
SERIES D 
(n = 9) 
84 
Increases in contractile force (ordinate) seen in seven 
areas of the heart (abscissa) during stimulation of the first 
five ventral thoracic roots of the right side. Increases are 
expressed as percent increase over control levels. Note the 
magnitude of the response in each area during stimulation of 
the second root. 
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PERCENT INCREASES IN FORCE OF CONTRACTION 
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(n = 9) 
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Increases in contractile force (ordinate) seen in seven 
areas of the heart (abscissa) during stimulation of the first 
two ventral thoracic roots of the left and right sides. In-
creases are expressed as percent increase over control levels. 
r 
are presented in Table 23. Neither RTl nor RT2 were differ-
ent from LT2 in Areas 5, 6, and 8. This was not consistent 
with the results of Series B and C. Another point of incon-
sistency was the lack of significance between LTl and LT3 and 
between RTl and RT3 in Series D. 
Not all eleven areas of the epicardium were measured 
in any of the series. Figure 21 presents a composite of data 
for the eleven areas during stimulation of LT2. This figure 
includes data from Series A, B, C, and D. In general, the 
data for Areas 1 and 3 were parallel but differed somewhat 
in magnitude. Areas 5 through 10 showed responses that were 
comparable in all series. Series D was inconsistent with 
Series C only in Area 11. 
A similar presentation is made for RT2 in Figure 22. 
Responses among the various series were fairly consistent. 
The major exception occurred in Areas 5 and 6 when right and 
left sides are compared. As noted in the discussion above, 
RT2 usually exceeded LT2 in Areas 5 and 6. In Series D, how-
ever, larger increases were seen with left-root stimulation 
than with right-root stimulation. The F ratio for Area 6, 
however, was the lowest for any area and barely reached sig-
nificance at the .OS level. 
3. Chronotropic Responses 
Changes in heart rate are summarized in Table 24 and 
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TABLE 23 
Probability ratios for difference in effectiveness of various roots 
in procedure changes in contractile force in Areas 1, 3, 5, 6, 8, 10, and 
11. Correlated t tests were used to corrpute the probability ratios 
(Series D). 
Areas 
Root 
Carparison 1 3 5 6 8 10 11 
LT1-LT2 .01 .001 .05 .05 .01 .05 
LT1-LT3 
LT1-LT4 .05 .05 .01 .05 .01 .01 
LT1-LT5 .05 .05 .01 .05 .001 .01 
LTl-RI'l .05 
LT1-RI'2 .01 
LT1-RI'3 .001 
LT1-RI'4 .05 .05 .05 .001 .001 
LT1-RI'5 .01 .01 .05 .01 .001 .05 
LT2-LT3 .001 .01 .001 .05 .05 .001 .05 
LT2-LT4 .001 .001 .001 .01 .001 .001 .001 
LT2-LT5 .001 .001 .001 .01 .001 .001 .001 
LT2-RI'l .01 .001 .01 .001 .001 
LT2-RI'2 .05 .001 .01 
LT2-RI'3 .001 .001 .001 .05 .01 .001 .001 
LT2-RI'4 .001 .001 .001 .01 .001 .001 .001 
LT2-RI'5 .001 .001 .001 .01 .001 .001 
LT3-LT4 .05 .05 .01 
LT3-LT5 .05 .01 .05 .05 
LT3-RI'l 
LT3-RI'2 .05 
LT3-RI'3 
LT3-RI'4 .05 .05 .001 
LT3-RI'5 .05 .001 .05 .05 .01 
LT4-LT5 
LT4-RI'l .05 .01 
LT4-RI'2 .001 .01 .001 .05 .001 
LT4-RI'3 
LT4-RI'4 
LT4-RI'5 
---
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TABLE 23 (continued) 
Areas 
Root 
Comparison 1 3 5 6 8 10 11 
LT5-RI'l .01 .01 
LT5-RI'2 .001 .01 .01 .05 .001 .05 
LT5-RI'3 
LT5-RI'4 
LT5-RI'5 
RI'l-RI'2 
RI'l-RI'3 
RI'l-RI'4 .05 .05 .05 
RI'l-RI'5 .01 .05 .01 
RI'2-RI'3 .01 .05 .05 .01 
RI'2-RI'4 .001 .01 .01 .05 .001 .01 
RI'2-RI'5 .001 .001 .01 .05 .001 .05 
RI'3-RI'4 .05 
RI'3-RI'4 
RI'3-RI'5 
RI'4-RI'5 
s~ 22.0 18.3 14.9 21.0 14.7 11.8 13.7 
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A11 
Increases in contractile force (ordinate) seen in 
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eleven epicardial areas of the heart (abscissa) during stimu-
lation of the second thoracic root of the left side. Increases 
are expressed as percent increase over control levels. Twelve 
dogs were used in Series A, twenty-five dogs in Series B, ten 
dogs in Series C, and nine dogs in Series D. 
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c 
A11 
Increases in contractile force (ordinate) seen in 
eleven epicardial areas of the heart (abscissa) during stimu-
lation of the second thoracic root of the right side. In-
creases are expressed as percent increase over control levels. 
Twelve dogs were used in Series A, twenty-four dogs in Series 
B, ten dogs in Series C, and nine dogs in Series D. 
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TABLE 24 
Statistical surrmary of heart rate changes produced during stimulation of the first five ventral 
thoracic roots as shCMn in Figure 23 (Series D) • 
Left Roots Right !bots 
LTl LT2 LT3 LT4 LTS RI'l RI'2 Rr3 
*D 16 30 18 8 7 55 62 48 
SfTI 7.61 5.87 5.81 5.92 5.36 6.99 8.30 7.75 
t 2.08 5.13 3.01 12.8 1.39 7.85 7.43 6.15 
p NS .001 .05 NS NS .001 .001 .001 
*D = differences between control and stimulation values 
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FIGURE 23 
CHANGES IN HEART RATE 
SERIES D 
(n = 9) 
(.001) 
(OS) 
(ns) 
i 
TJ T4 Ts 
RighJ 
Changes in heart rate in beats per minute (ordinate) 
observed during stimulation of the first five ventral thora-
cic roots of the left and right sides (abscissa) . Standard 
errors of the mean differences are depicted at the top of 
each rectangle and levels of significance are indicated. 
Note that the right roots produced greater changes than those 
of the left but that acceleration was also seen during stimu-
lation of the left roots. 
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Figure 23. The patterns of response were very consistent with 
those of the other series already presented. Probability ra-
tios for comparisons among roots were also similar to those of 
the other series and are presented in Table 25. 
4. Pressor Responses 
Changes in blood pressure for Series D are summarized 
in Table 26 and Figure 24. Significant t ratios for systolic 
blood pressure were produced for all roots except LT4 and RTl 
while LTl, RTl, and RT3 failed to show significant increases 
in diastolic blood pressure. Analysis of variance among roots 
for both systolic and diastolic blood pressures failed to show 
significant F ratios. 
E. Series E 
1. Series Description 
In this series, the first five ventral thoracic roots 
of nine dogs were stimulated. Epicardial Areas 2, 5, 6, 8, 
and 11 and endocardial Areas 12, 13, and 14 were measured for 
inotropic responses. As shown in Figure 2, the endocardial 
areas were located on the septum (Area 12), the free wall 
(Area 13) , and the posterior papillary muscle (Area 14). The 
endocardial placement of the strain gauges necessitated the 
use of cardiopulmonary bypass. 
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TABIE 25 
Probability ratios for differences in effectiveness of each root 
to change heart rate. Correlated t tests were used to corrpute the proba-
bility ratios (Series D). 
I.Bf t Foots Right Roots 
LTl LT2 LT3 LT4 LT5 RI'l RI'2 RI'3 RI'4 
LT2 
LT3 
LT4 .01 
LT5 .01 
RI'l .001 .01 .001 .001 .001 
RI'2 .001 .001 .001 .001 .001 
RI'3 .001 .05 .001 .001 .001 
RI'4 .001 .001 .001 
RI'5 .001 .001 .001 
-
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TABLE 26 
statistical sumnary of blood pressure changes produced during stim-
ulation of the first five ventral thoracic roots as shown in Figure 24 
(Series D) . 
Left Roots Right Roots 
LTl LT2 LT3 LT4 LT5 RI'l RI'2 RI'3 RI'4 RI'5 
s 
y *D 13 20 18 13 15 5 13 8 11 13 
s 
T SEo 4.17 3.48 4.10 1.19 2.49 1.28 2.57 2.30 3.12 2.31 
0 
L t 3.07 5.78 4.37 10.64 5.80 3.61 4.90 3.53 3.39 5.44 
I 
c p .01 .01 .01 NS .05 NS .05 .05 .05 .05 
D 
I *D 4 11 8 7 12 2 5 7 10 8 
A 
s s~ 2.41 3.40 2.86 1.68 1.58 1. 72 2.08 3.63 3.21 2.94 
T 
0 t 1. 74 3.15 2.66 4.10 7.46 0.88 2.26 1.85 3.08 2.87 
L 
I p NS .05 .05 .01 .001 NS .05 NS .05 .05 
c 
*D = differences be~en control and stimulation valtEs 
r 
35 
30 
l 25 
E 
~ 
• 20 
• Cll 
c 
• r. 
u 15 
~ 
~ 
• 
• 
• 10 
ct 
5 
0 
(.01) 
(.01) 
(.05) 
(na) 
(.01) 
(.OS) 
TJ 
Left 
(naJ 
(.01) 
(.05) 
0 
(.001) 
( na) 
9 
(na) 
Ts 
Vcntra I Thoracic Roots 
FIGURE 24 
CHANGES IN BLOOD PRESSURE 
SERIES D 
(n = 9) 
(.05) 
(.OS) 
, .. , ~ 
~ (.05) 
(.OS) (na) 
TJ 
Righi 
96 
(.05) 
(.OS) 
Ts 
Changes in blood pressure in nun of Hg (ordinate) ob-
served during stimulation of the first five ventral thoracic 
roots of the left and right sides (abscissa) . Systolic blood 
pressure is indicated by the top of each rectangle; diastolic 
blood pressure is indicated by the bottom of each rectangle. 
Standard errors of the mean differences and levels of signif i-
cance are indicated. Note the greater effectiveness of the 
left roots over those of the right. 
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2. Inotropic Responses 
a. Comparisons among areas 
Figure 25 presents the patterns of inotropic response 
for Areas 2, 5, 6, 8, and 11. For the most part, the area 
patterns ran parallel with one another. Area 11 was one of 
the most responsive during left-side stimulation but least 
responsive to right-side stimulation. These findings were 
similar to the patterns shown in Series C. In general, the 
percent increases in contractile force were much larger than 
those of the nonbypass animals of other series. In making 
comparisons with other series, one should note the change of 
scale on the ordinate of Figure 25. 
Figure 26 shows the responses of Areas 12, 13, and 14. 
These, like the others, ran parallel with each other. Area 
12 was the most responsive of the three while Area 14 was the 
least responsive. 
The data presented in Figures 25 and 26 were analyzed 
via correlated analysis of variance; the resulting F ratios 
are shown in Table 27. With the exception of Area 14, the 
F ratios for all areas were significant. Individual differ-
ences between areas were then computed for each root and 
analyzed via t tests. The resulting P ratios are presented 
in Table 28. Significant differences were found between 
Area 12 and each of the other areas. This was true for all 
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Ts 
Increases in contractile force (ordinate) produced dur-
ing stimulation of the first five ventral thoracic roots (ab-
scissa) of the left and right sides. Increases are expressed 
in terms of percent increase over control levels. Each line 
of the graph represents the responses in the Area (A) as iden-
tified in Figure 1. Note the shift in magnitude of response 
of Areas 5, 6, 8, and 11 on the left as compared to the right 
side. Note the change in scale of the ordinate from that of 
previous series. 
480 
440 
.. 
400 <.> 
0 
... 
360 
~ 
- 320 ~ 
~ 
c 280 
0 
u 240 
: 
.. 
200 
"' 
"' ~ 160 
<.> 
c 
- 120 
c 
.. 80 
~ 
.. 
Q. 40 
0 
A12 
A13 
A14 
Tl T2 T3 T4 
Left 
Ts 
A12 
A13 
A14 
Tl 
Ven tr a I Thoracic Roots 
FIGURE 26 
T3 
Right 
PERCENT INCREASE IN CONTRACTILE FORCE 
SERIES E 
(n = 9) 
99 
Ts 
Increases in contractile force (ordinate) produced dur-
ing stimulation of the first five ventral thoracic roots (ab-
scissa) of the left and right side. Increases are expressed 
in terms of percent increase over control levels. Each line 
of the graph represents the responses in the Area (A) as iden-
tified in Figure 2. Note the responsiveness of Area 12 as 
compared to Areas 13 and 14 and particularly during the stimu-
lation of RT2. Note the change in scale of the ordinate from 
that of previous series. 
r 
TABLE 27 
Percent increases in a:::>ntractile force prcx1uced in various areas during stimulation of the first 
five '?entral thoracic roots as shown in Figures 25, 26, 27, and 28 (Series E) • 
I..ef t Ra>ts Right Ibots 
.Areas LTl LT2 LT3 LT4 LT5 RI'l RI'2 RI'3 RI'4 
2 92 167 132 43 22 87 140 139 8 
5 119 166 154 13 20 86 204 165 23 
6 83 133 173 26 7 85 221 223 29 
8 65 103 90 2 2 77 125 98 17 
11 87 168 116 37 19 51 93 51 1 
12 176 295 219 44 11 166 435 331 27 
13 86 191 116 25 10 78 165 109 10 
14 76 79 78 28 19 73 52 42 21 
F 2.72 4.59 0.98 2.62 2.10 4.17 2.58 2.68 2.47 
p 
.05 .01 NS . 05 .10 .01 .01 .05 .05 
RI'5 
11 
3 
6 
4 
3 
-13 
-3 
6 
3.76 
.01 
PNJV 
F 
7.03 
5.27 
5.21 
6.96 
11.80 
4.22 
8.45 
1.57 
p 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
NS 
...... 
0 
0 
·~ 
r 
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TABIE 28 
Probability ratios for differences in contractile force between areas 
during stinnllation of each of the ventral thoracic roots of the left and 
right sides. Correlated t tests were used to conpute the probability ra-
tios (Series E). 
left Roots Right Roots 
canparison LTl LT2 LT3 LT4 LT5 RI'l RI'2 RI'3 RI'4 RI'5 
2-5 .05 
2-6 .05 .05 
2-8 .01 .01 
2-11 
2-12 .01 .01 .01 .01 .05 .05 .001 
2-13 
5-6 
5-8 .05 
5-11 .05 
5-12 .10 .01 .05 .01 .05 .05 .01 
5-13 
6-8 
6-11 .01 
6-12 .01 .001 .01 .05 .001 
6-13 .05 
8-11 .01 .05 
8-12 .001 .001 .01 .001 .01 .01 .01 
8-13 
11-12 .01 .01 .001 .01 .001 .01 .01 
11-13 
12-13 .01 .05 .001 .01 .01 
Sfb 31.5 39.8 61.7 13.8 7.5 24.7 100.4 80.4 9.5 5.5 
102 
roots of the right side and for the first two roots of the left 
side. 
b. Comparisons among roots 
Comparisons among the ten roots are presented in Figures 
27 and 28. The second roots were the most effective in produc-
ing changes in contractile force. Exceptions to this generali-
zation were seen in Area 6 during the stimulation of LT3 and in 
Area 14 during stimulation of RTl. 
Although many similarities were seen between the data of 
Series E and other series, several differences were also noted. 
Percent increase in contractile force during stimulation of the 
various roots are two to four times greater in the bypass ani-
mals. In addition, the third root of each side was more effec-
tive than was the first. 
During the experiments of each of the series reported 
in this study, it was a frequent observation that for some 
animals, the third root was more important than the first. 
On occasion, the third root was observed to be even more ef-
fective than the second. This atypical pattern of response 
was generally restricted to one or two dogs in each series 
and usually the differences were not great. Therefore, the 
averages did not show the effect. In the present series, 
however, five of the nine dogs showed third roots of the left 
side that were more effective than the first roots. This 
480 
440 
• ~400 
0 
LL. 
• 360 
u 320 
la 
.. 
c 280 
0 
(J 
240 
c 
• 200 
.. 
la 
~ 160 
u 
c 
- 120 
.. 
; 80 
u 
.. 
• a. 40 
0 
L T4 ~ ~----------.... __ _ 
LT5 "Z ~?-------=-
A2 A5 A6 AS A11 A12 A13 
Epicardial and Endocardial Areas 
FIGURE 27 
PERCENT INCREASES IN FORCE OF CONTRACTION 
SERIES E 
(n = 9) 
A14 
103 
Increases in contractile force (ordinate) seen in eight 
areas of the heart (abscissa) during stimulation of the first 
five ventral thoracic roots of the left side. Increases are 
expressed as percent increase over control levels. Note that 
the third root is generally more effective than the first root. 
Note the change in scale of the ordinate from that of previous 
series. 
..... 
480 
440 
• u 
0 400 
I&. 
• 380 
; 
x 320 
.. 
-g 280 
CJ 
c: 240 
• 200 
• 
• 
• 180 .. 
u RT2 c: 
120 RT3 
-c RT1 
• 80 u 
.. 
• A. 40 
RT5 
0 RT4 
A2 A5 AB AB A11 A12 A13 
Eplcudl•I and Endocudl•I ArH• 
FIGURE 28 
PERCENT INCREASES IN FORCE OF CONTRACTION 
SERIES E 
(n = 9) 
104 
A14 
Increases in contractile force (ordinate) seen in eight 
areas of the heart (abscissa) during stimulation of the first 
five ventral thoracic roots of the right side. Increases are 
expressed as percent increase over control levels. Note that 
the third root is generally more effective than the first root. 
Note the change in scale of the ordinate from that of previous 
series . 
r 
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variability was reflected in the insignificant F ratio for LT3 
shown in Table 27. Probability ratios for differences between 
roots showed that the first and third roots were not signifi-
cantly different in any of the areas. See Table 29. 
Like the patterns already noted in Series A, B, and C, 
comparisons of left and right roots showed that the left roots 
surpassed the right in Areas 2 and 11. The right roots sur-
passed the left in Areas 5, 6, and 8. See Figure 29. Simi-
lar comparisons made for the endocardial areas showed that 
the left roots produced a slightly greater response in Areas 
13 and 14 while the right roots were considerably more effec-
tive in Area 12. 
3. Chronotropic Responses 
Changes in heart rate during the experiments of Series 
E are presented in Table 30 and Figure 30. In general, the 
responses were consistent with those shown in each of the 
other series presented. Analysis of variance of these data 
resulted in a highly significant F ratio. Table 31 presents 
individual comparisons between roots. 
F. Series F 
1. Series Description 
In this series, the lower thoracic roots from the sixth 
through the tenth were stimulated. Inotropic measurements 
were taken in Areas 5, 6, 7, 8, 9, 10, and 11 (n = 2) and in 
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TABIE 29 
Probability ratios for differences in effectiveness of various roots 
in producing changes in contractile force in Areas 2, S, 6, 8, 11, 12, 13, 
and 14. Correlated t tests were used to conpute the probability ratios 
(Series E). 
Areas 
!bot 
Carparison 2 s 6 8 11 12 13 14 
LT1-LT2 .OS .001 .001 
LT1-LT3 
LT1-LT4 .OS .OS .OS 
LTl-LTS .OS .OS .OS .01 
LTl-RI'l 
LT1-RI'2 .01 .OS .OS .01 
LT1-Rl'3 .01 
LT1-Rl'4 .01 .OS .001 .OS 
LTl-Rl'S .01 .OS .OS .001 .OS .OS 
LT2-LT3 .OS 
LT2-LT4 .001 .01 .OS .001 .001 .001 
LT2-LTS .001 .01 .OS .001 .001 .01 .001 
LT2-Rl'l .01 .001 .01 
LT2-Rl'2 .001 
LT2-Rl'3 .001 .OS 
LT2-Rl'4 .001 .01 .01 .001 .OS .001 
LT2-Rl'S .001 .001 .OS .001 .001 .01 .001 .OS 
LT3-LT4 .01 .01 .01 .01 .001 .01 
LT3-LTS .001 .01 .01 .01 .001 .OS .01 
LT3-Rl'l 
LT3-Rl'2 .OS 
LT3-RI'3 .01 
LT3-RI'4 .001 .01 .01 .01 .001 .01 
LT3-RI'S .001 .01 .01 .01 .001 .OS .001 .OS 
LT4-LTS 
LT4-RI'l .01 
LT4-RI'2 .01 .001 .001 .001 .OS .001 .001 
LT4-RI'3 .01 .01 .001 .001 .01 .OS 
LT4-RI'4 
LT4-RI'S 
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TABLE 29 (continued) 
Areas 
Root 
eorrparison 2 5 6 8 11 12 13 14 
LT5-RI'l .01 .05 
LT5-RI'2 .001 .001 .001 .01 .001 .001 
LT5-RI'3 .01 .001 .001 .01 .01 
LT5-RI'4 .01 
LT5-RI'5 .01 
RI'l-RI'2 .05 .05 .05 .05 .05 
RI'l-RI'3 .05 
RI'l-RI'4 .01 .05 .05 
RI'l-RI'5 .01 .01 .05 .05 
RI'2-RI'3 .05 
RI'2-RI'4 .001 .001 .001 .001 .001 .001 .001 
RI'2-RI'5 .001 .001 .001 .001 .001 .001 .001 
RI'3-RI'4 .001 .01 .001 .01 .01 .01 
RI'3-RI'5 .001 .001 .001 .001 .01 .01 
RI'4-RI'5 
SE1J 31.8 44.9 52.4 25.6 23.0 105.5 32.9 31.6 
-
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A14 
Increases in contractile force (ordinate) seen in eight 
areas of the heart (abscissa) during stimulation of the second 
root of the left and right side. Increases are expressed as 
percent increase over control levels. Note that the left root 
was more effective in the anterior right ventricle (Area 2), 
the posterior left ventricle (Area 11) , and in the posterior 
papillary muscle and free wall. The right root was more effec-
tive in the anterior left ventricle and in the septum. 
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TABIB 30 
Statistical surmary of heart rate changes produced during stirm.l-
lation of the first five ventral thoracic roots as slx:Jwn in Figure 30 
(Series E). 
Ief t Roots Right Roots 
LTl LT2 LT3 LT4 LT5 RI'l RI'2 RI'3 RI'4 RI'5 
*D 15 19 9 4 1 33 43 31 9 2 
SED 6.04 6.04 3.37 3.31 0.90 4.31 3.90 6.27 3.98 3.23 
t 2.39 3.17 2.60 1.31 1.37 7. 72 10.98 4.89 2.18 0.52 
p 
.05 .02 .05 NS NS .001 .001 .001 .10 NS 
*D = differences between control and stirm.llation values 
r 
56 
52 
48 
44 
40 
c 
E 36 
' .. 
.. 32 
.. 
~ 
28 
.. 
(.02) 
.. 24 co 
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.. 
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FIGURE 30 
CHANGES IN HEART RATE 
SERIES E 
(n = 9) 
110 
(.001) 
(.001) 
(.10) 
i (ns) ~ 
T2 T3 T4 Ts 
Right 
Changes in heart rate in beats per minute (ordinate) ob-
served during stimulation of the first five ventral thoracic 
roots of the left and right sides (abscissa) . Standard errors 
of the mean differences are depicted at the top of each rec-
tangle and levels of significance are indicated. Note that the 
right roots produced greater changes than those of the left but 
that acceleration was also seen during stimulation of the left 
roots. 
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TABLE 31 
Probability ratios for differences in the effectiveness of each root 
to change heart rate. Correlated t tests were used to corrpute the proba-
bility ratios (Series E) • 
left Roots Right Roots 
LTl LT2 LT3 LT4 LTS RI'l RI'2 RI'3 RI'4 
LT2 
LT3 
LT4 .05 
LTS .05 .01 
RI'l . 05 .001 .001 .001 
R1'2 .001 .001 .001 .001 .001 .05 
R1'3 .01 .001 .001 .001 
Rr4 .001 .001 .001 
Rl'S .05 .001 .001 .001 
r 
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Areas 1, 3, 5, 6, 8, 10, and 11 {n = 3). 
2. Inotropic Responses 
Changes in contractile force are summarized in Table 32. 
In all cases, the responses were very small and inconsistent. 
See Figure 31. None of the F ratios computed for areas or for 
roots were significant. 
3. Chronotropic Responses 
Changes in heart rate associated with stimulation of 
these lower thoracic roots were negligible and none were sig-
nificant. See Table 33. 
4. Pressor Responses 
Changes in systolic and diastolic blood pressures are 
presented in Table 34. Most of the changes were insignificant. 
For the most part, both systolic and diastolic blood pressures 
changed to the same degree during the stimulation of each root. 
See Figure 32. F ratios for systolic and diastolic blood pres-
sures were both insignificant. 
G. Series G 
1. Series Description 
In this series, the lower cervical roots from the sixth 
through the eighth and the first two thoracic roots were stimu-
lated. Inotropic measurements were taken in Areas 1, 3, 5, 6, 
8, 10, and 11. Prior to any of the stimulations, the cord was 
cut between ca and Tl. Four dogs were used in this series. 
TABLE 32 
Percent increases in contractile force produced in various areas during stimulation of the lower 
thoracic roots as shown in Figure 31 (Series F). 
I.ef t Roots 
Areas LT6 LT7 LT8 LT9 LTlO 
1 5 -8 -6 1 -6 
3 12 3 -6 -1 -11 
5 4 0 -3 3 -4 
6 6 -5 -7 -1 8 
7 1 7 -2 -2 -1 
8 7 1 -1 -2 -2 
9 -4 7 -2 0 -1 
10 -1 3 -3 -2 -3 
11 10 -3 -7 -3 -9 
F 0.96 0.66 0.24 0.15 0.35 
p NS NS NS NS NS 
Right Roots 
Rl'6 Rl'7 Rl'8 
0 -7 -1 
0 -3 5 
7 -6 -3 
-4 -6 -8 
-4 -3 -10 
-1 -5 -3 
0 -1 -4 
6 -2 -1 
2 -1 -3 
0.38 0.19 0.64 
NS NS NS 
Rl'9 RI'lO 
-2 -23 
3 -21 
3 -3 
1 -9 
-1 -1 
-1 -9 
-1 -3 
0 -6 
-2 -11 
0.92 0.38 
NS NS 
PN:JV 
F 
1.30 
1.54 
0 .62 
0.99 
0.50 
0.69 
0.73 
0.53 
1.80 
p 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
I-' 
I-' 
w 
·~ 
r 
• u 
.. 
0 
30 
20 
10 
0 
I&. -10 
~ -20 
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~ -30 
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FIGURE 31 
INCREASES IN FORCE OF CONTRACTION 
SERIES F 
(n = 5) 
Increases in contractile force (ordinate) seen in nine 
areas of the heart (abscissa) during stimulation of the sixth 
through the tenth ventral thoracic roots of the left side. 
Increases are expressed as percent increase over control 
levels. 
r 
TABLE 33 
statistical surrma:ry of heart rate changes produced during stimulation of the sixth through the 
tenth ventral thoracic roots (Series F). 
Left Roots Right Tu:x:>ts 
LT6 LT7 LT8 LT9 LTlO RI.'6 RI.'7 RI.'8 RI.'9 RrlO 
*D 0 -5 0 0 0 -2 -5 -7 5 0 
s~ 5.37 2.94 3.80 4.90 2.40 2.94 2.94 2.94 8.49 
t 0 1.63 0 0 0 -2 -5 -7 5 0 
p NS NS NS NS NS NS NS NS NS NS 
*D = differences between control and stimulation values 
I-' 
I-' 
lT1 
-~ 
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TABLE 34 
Statistical su:rmary of blood pressure changes prcrluced during stimu-
lation of the sixth through the tenth thoracic roots (Series F). 
left Roots Right Roots 
LT6 LT7 LT8 LT9 LTlO Rr6 RI'7 Rr8 Rr9 RI'lO 
s 
y *D 19 17 6 13 2 12 9 10 16 4 
s 
T SE 4.SS 7.20 8.37 7.33 6.9S 4.26 4.26 S.22 4.36 8.43 
0 D 
L t 4.18 2.42 0.66 1. 78 0.2S 2.72 2.16 1.99 3.77 0.4S 
I 
c p .OS NS NS NS NS .OS NS NS .OS NS 
D 
I *D 23 16 s 13 2 14 9 9 lS 3 
A 
s SEb 6.88 6.47 6.81 6.38 S.84 8.26 4.39 4.33 3.99 2.S6 
T 
0 t 3.31 2.41 0.66 2.04 0.26 1. 74 2.04 2.03 3.74 0.96 
L 
I p .OS NS NS NS NS NS NS NS .02 NS 
c 
*D = differences between control and stimulation valu=s 
r 
--
35 
30 
(.05) 
i 25 (.05) (n1) 
E en•) 
E 
-
• 20 
• .. 
c 
• ~
u 
15 
~ 
" •
• 
• A. 10 
,, 
g 
i 5 
0 
T8 T7 
en•) 
(n•) 
(n•) 
(.05 
(na) 
(n1Xn•) 
(n1) 
(na) 
~·J 
TB T9 T10 T8 T7 
L•lt 
Y•ntral Thoracic Root a 
FIGURE 32 
CHANGES IN BLOOD PRESSURE 
SERIES F 
(n = 5) 
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(nl) 
(.02) 
(n•) 
n1) (nil) 
(ns) 
TB T9 T10 
Right 
Changes in blood pressure in rrun of Hg (ordinate) ob-
served during stimulation of the sixth through the tenth ven-
tral thoracic roots of the left and right sides (abscissa) . 
Systolic blood pressure changes are indicated by the cross-
hatched rectangles; the diastolic blood pressure changes are 
indicated by the open rectangles. Standard errors of the mean 
differences and levels of significance are indicated. Note 
that both systolic and diastolic blood pressures increased by 
the same amount. 
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2. Inotropic Responses 
As shown in Figures 33 and 34, the inotropic responses 
to stimulation of the cervical roots were negligible except 
for LC8 in Area 8. Analysis of variance for comparisons among 
areas resulted in a significant F ratio for LC8 as shown in 
Table 35. This was the only significant F ratio for any of 
the roots including the first two thoracic roots. 
As shown in Figure 35, comparisons between LT2 and RT2 
showed patterns consistent with those of Series A, B, C, and 
E. In Areas 1, 3, 10, 11, LT2 surpassed RT2 while in Area 6, 
RT2 surpassed LT2. 
3. Chronotropic Responses 
Table 36 and Figure 36 summarize the chronotropic re-
sponses for Series G. Although there were only four dogs used 
in this series, significant increases in heart rate were seen 
during stimulation of the first two roots of both sides. The 
changes produced by the cervical roots were much smaller than 
those of the thoracic roots and none were significant. The 
eighth cervical root of each side produced the largest change 
of any of the cervical roots but the change was not signifi-
cant. See Table 36. 
4. Pressor Responses 
Blood pressure changes are presented in Table 37 and 
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Increases in contractile force (ordinate) seen in seven 
areas of the heart (abscissa) during stimulation of the lower 
cervical roots and the upper thoracic roots of the left side. 
Increases are expressed as percent increase over control le-
vels. Note the response of Area 8 to LC8 stimulation. 
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Increases in contractile force (ordinate) seen in seven 
areas of the heart (abscissa) during stimulation of the lower 
cervical roots and the upper thoracic roots of the right side. 
Increases are expressed as percent increase over control 
levels. 
TABLE 35 
Percent increases in contractile force produced in various areas during stimulation of the lower 
cervical and upper thoracic roots as shCMl in Figures 33, 34, and 35 (Series G). 
I.ef t Roots Right !bots 
LC6 LC7 LC8 LTl LT2 :OC6 RC7 :OC8 RI'l 
1 1 -3 4 90 144 2 3 10 86 
3 -2 2 6 73 117 4 -5 13 60 
5 1 5 6 79 98 -3 -6 1 45 
6 4 -2 4 20 51 -3 -3 1 40 
8 6 0 61 61 75 3 0 11 64 
10 2 1 7 74 99 5 -4 9 19 
11 4 -11 -8 81 78 12 -15 5 34 
F 0.49 1.63 5.38 1.93 1.69 1.21 1.49 1.60 0.75 
p NS NS .01 NS NS NS NS NS NS 
RI'2 F 
106 7.18 
84 8.06 
90 4.67 
95 2.38 
70 4.26 
26 6.72 
46 3.99 
1.35 
NS 
N!IJV 
p 
.001 
.001 
.01 
.05 
.01 
.001 
.01 
I-' 
rv 
...... 
··~ 
140 LT2 
130 
120 
110 
RT2 
• 100 ~ 
0 
... 90 
.! 
u 80 
!! 
~ 70 
60 
c 
• 
so 
• 
• ! 40 
u 
.!: 30 
c 20 • u 
• 10 Q. 
0 
A1 A3 A5 A8 A10 A11 
Eplcardlal Areal 
FIGURE 35 
PERCENT INCREASE IN FORCE OF CONTRACTION 
SERIES G 
(n = 4) 
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Increases in contractile force (ordinate) seen in seven 
areas of the heart (abscissa) during stimulation of the second 
root of the left and right sides. Increases are expressed as 
percent increases over control levels. Note the left root was 
more effective in areas of the anterior right ventricle (Areas 
1 and 3) and in the posterior right and left ventricles (Areas 
10 and 11). The right root was more effective in the anterior 
left ventricle (Area 6). 
TABLE 36 
Statistical surrmary of heart rate changes produced during stirrn.Ilation of the la.ver cervical and 
upper thoracic roots as sha.vn in Figure 36 (Series G) . 
left Roots Right Roots 
IC6 1127 IC8 LTl LT2 RC6 :OC:7 RC8 RI'l 
*D 1 3 15 38 46 3 1 20 65 
s~ 1.00 3.82 8.16 9.91 7.09 3.00 1.25 11.39 16.39 
t 0.75 o. 72 1.81 3.78 6.42 1.00 1.00 1. 71 3.95 
p NS NS NS .05 .01 NS NS NS .05 
*D = differences between control and stirrn.Ilation values 
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(n = 4) 
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(.05) (.01) 
(na) 
Ce T1 T2 
Right 
Changes in heart rate in beats per minute (ordinate) 
observed during stimulation of the lower cervical and upper 
thoracic roots of the left and right sides (abscissa) . Stan-
dard errors of the mean differences are depicted at the top 
of each rectangle and levels of significance are indicated. 
--
r 
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TABIB 37 
Statistical SUimlal'.Y of blood pressure changes produced during stimu-
lation of the laver cervical and upper thoracic roots (Series G) . 
left Roots Right Roots 
LC6 I.£7 I.CS LTl LT2 RC6 OC7 RCS RI'l Rr2 
s 
y *D -3 -2 2 7 15 -6 -2 -2 3 s 
s 
T Sfb 1.55 1.19 2.lS 4.17 1.93 5.3S 1.36 1.32 2.27 3.57 
0 
L t 1.45 1.26 0.69 1. 74 7.64 1.21 l.4S 1.33 1.32 2.03 
I 
c p NS NS NS NS .001 NS NS NS NS NS 
D 
I *D -3 -2 1 4 10 -7 -3 -3 5 7 
A 
s s~ 0.96 1.11 1.29 2.72 2.33 4. 72 1.03 1.25 O.S5 2.S6 
T 
0 t 2.61 l.5S 0.7S 1.29 4.0S l.3S 2.67 2.20 5.50 2.45 
L 
I p NS NS NS NS .05 NS NS NS .02 NS 
c 
*D = differences between control and stimulation values 
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CHANGES IN BLOOD PRESSURE 
SERIES G 
(n = 4) 
(na\ 
(na) 
(.02) 
(n~ 
·-~ 
(n•) 
Ce T1 T:z 
Right 
Changes in blood pressure in mm of Hg (ordinate) ob-
served during stimulation of the lower cervical and upper 
thoracic roots (abscissa) . Systolic blood pressure changes 
are indicated by the crosshatched rectangles; the diastolic 
blood pressure changes are indicated by the open rectangles. 
Standard errors of the mean differences and levels of signi-
ficance are indicated. 
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Figure 37. During the stimulation of C6, C7, and ca, very 
small changes were seen. These were often in the negative di-
rection. Statistical analyses failed to show any significant 
differences for the cervical roots. Stimulation of the first 
two thoracic roots showed larger changes than for the cervi-
cal roots. As shown in the previous series, the first two 
thoracic roots of the left side had the greatest influence of 
any of the roots stimulated. The only root to show a signifi-
cant change in systolic blood pressure was LT2. Both LT2 and 
and RTl produced significant increases in diastolic blood 
pressure. 
H. Series H 
1. General Description 
In addition to the ventral root stimulations already 
described, bilateral carotid occlusions (BCO's) and slug in-
fusions of norepinephrine (0.4 µg/Kg) were used in some of 
the dogs of each series. Data for both the BCO and norepin-
ephrine were available on 27 dogs. Since these dogs were 
taken from all of the other series except Series A and Series 
E, the myocardial areas examined varied from dog to dog. All 
epicardial areas except Area 4 are represented in the data 
analysis. Independent t tests and analysis of variance were 
used to analyze these data. 
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2. Inotropic Responses 
Like each of the other series, the inotropic responses 
were expressed as percent increase over control levels. In 
order to compare the BCO data with the norepinephrine data, 
normalized percent increases were also computed. This was 
accomplished by summing the average percent increases for all 
areas and then expressing each one as a percent of this sum. 
Average percent increases and normalized percent increases 
are presented in Table 38. 
a. Bilateral carotid occlusions 
As shown in Figure 38, Areas 1, 2, and 3 were the most 
responsive to BCO stimulation while Area 9 was the least re-
sponsive. Independent analysis of variance was applied to 
these data and the resulting F ratio was highly significant. 
Since this F ratio was significant, t tests were used to com-
pute the probability ratios for comparisons between areas. 
These are presented in Table 39. 
Areas 1, 2, and 3 were not significantly different 
from one another. Area 3 was, however, significantly differ-
ent from all other areas. Area 1 was different from Areas 5 
through 10, and Area 3 was different from Areas 5 through 11. 
b. Norepinephrine infusions 
Unlike the responses to BCO's, the norepinephrine data 
did not show a significant F ratio when subjected to analysis 
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TABLE 38 
Percent increases and nonnalized percent increases in contractile force for various areas during 
bilateral carotid occlusions and norepinephrine infusions. 
BCO 
BCO % 
Norepi 
Norepi % 
Number 
of Ibgs 
Epicardial Areas 
1 2 3 5 6 7 8 9 10 11 F 
43 36 55 18 15 17 12 9 18 31 5.29 
17 14 22 7 6 7 5 4 7 12 
124 130 104 108 111 110 146 92 130 94 1.08 
11 11 9 9 10 10 13 8 11 8 
17 7 17 26 27 17 26 9 20 20 
p 
.001 
NS 
I-' 
w 
0 
·~ 
r 
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TABLE 39 
Probability ratios for o:xnparisons between areas during bilateral 
carotid occlusions for Series H. 
Areas 
1 2 3 5 6 7 8 9 10 
2 
3 
5 .01 .001 
6 .001 .10 .001 
7 .01 .10 .001 
8 .001 .05 .001 
9 .01 .05 .001 
10 .01 .001 
11 .01 .10 .05 .10 .05 .05 
r 
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of variance. See Table 38. As shown in Figure 33, the nor-
epinephrine responses did not vary as much from area to area 
as did the BCO response. None of the individual comparisons 
between areas were significant. 
3. Chronotropic Responses 
Changes in heart rate during BCO's and norepinephrine 
infusions are summarized in Table 40 and Figure 39. Re-
sponses to the BCO's were larger than to the norepinephrine 
infusions. Larger responses were seen during the stimulation 
of RT2 than during either the BCO or the norepinephrine. 
4. Presser Responses 
Changes in blood pressure are summarized in Table 40 
and Figure 39. Like the heart rate responses, BCO's pro-
duced larger increases in blood pressure than did the nore-
pinephrine infusions. Unlike the heart rate responses, pres-
ser responses were greater than those observed during the 
stimulation of an effective root such as LT2. This was true 
for both the BCO and the norepinephrine infusions. The magni-
tudes of the heart rate and the blood pressure responses to 
BCO and norepinephrine infusions are shown in Table 40. 
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TABLE 40 
Changes in heart rate and blood pressure during bilateral carotid occlu-
sions and norepinephrine infusions of Series H. 
Blood Pressure 
Stimulation Factor Heart Rate Systolic Diastolic 
BCD *D 26 72 57 
SED 2.48 4.14 3.98 
t 10.20 17.43 14.29 
p 
.001 .001 .001 
Nore pi *D 12 42 34 
s~ 2.87 2.84 3.31 
t 4.36 14.91 10.16 
p 
.001 .001 .001 
*D = differences between control and stimulation 
values. 
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CHAPTER V 
DISCUSSION 
A. Inotropic Responses 
1. Introduction 
Electrical stimulation of the sympathetic pathways 
exiting the cord via the segmental roots indicated that the 
spinal cord is capable of exerting a variety of generalized 
effects on the cardiovascular system. These effects include 
changes in heart rate, blood pressure, and contractile force. 
Depending upon the particular root involved, the changes 
ranged from small negative to large positive effects. Mea-
surements of contractile force were seen to vary from area 
to area as each root was stimulated. Differences were also 
noted between the two roots of the same segmental level but 
exiting from opposite sides of the spinal cord. These dif-
ferences between left- and right-root stimulation are sum-
marized for Series A, B, C, and D in Figure 40. 
The data presented in all series of this study indi-
cated that the first three thoracic roots of both sides are 
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A10 A11 
Average increases in contractile force (ordinate) pro-
duced in each area (abscissa) during stimulation of the second 
ventral thoracic roots of the left and right sides. Increases 
are expressed as average percent increases over control levels 
and include all animals of Series A, B, C, and D. The averages 
were weighted according to the number of animals included in 
the series.· Note the greater responsiveness of the anterior 
right ventricle and the posterior right and left ventricles 
during left root stimulation. The anterior left ventricle was 
more responsive to right root stimulation. 
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the primary outflows from the spinal cord to the cardiac 
nerves. These roots can profoundly influence myocardial con-
tractile force in all epicardial and endocardial areas examined 
in this study. This finding was in general agreement with some 
reports (20, 33) but in disagreement with others (2, 27, 34, 
42) • 
It is possible that spread of current or antidromic con-
duction from the point of stimulation on the ventral root could 
generate impulses within the spinal cord. This could allow 
impulses to exit the cord via the ventral roots at higher or 
lower segmental levels than the root being stimulated. In 
order to rule out this possibility, the cord was cut above 
and below each of the thoracic roots prior to their stimula-
tion. This procedure was used in seven of the animals after 
all roots had been stimulated once. In all seven animals, 
the changes in contractile force, heart rate and blood pres-
sure were the same as seen during the first stimulation. 
One must be aware, however, that the data reported are 
statistical averages and may not describe the responses of an 
individual dog. Although most animals responded in the 
"average" way, others showed considerable variation. Some 
animals failed to show any response during stimulation of Tl 
and the largest responses were elicited during stimulation of 
T3 and T4. Apparently, for some animals, the sympathetic 
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outflow was shifted down one segment from that of the "average" 
animal. While it is true that deviations were noted, a high 
degree of consistency was also found. Judging from the large 
number of statistically significant comparisons presented in 
Chapter IV, one would expect that most mongrel dogs would show 
the average patterns of response presented in this study. 
2. The Right Ventricle 
a. Anterior surface 
During stimulation of the first three thoracic roots, 
the conus region (Areas 1 and 2) was the most responsive 
area of the right ventricle. See Figure 40. Even the fourth 
roots were observed to cause a moderate positive inotropic 
response in this area. This finding was consistent with 
those of Randall and his coworkers (28) who showed the same 
effect during stimulation of the stellate ganglia. Although 
the conus region was the most responsive area during ventral 
root stimulation, the sinus region (Area 3) was the most re-
sponsive to ref lex (BCO) stimulation. Area 3 was the most 
responsive area to the BCO including all areas of the left 
ventricle. 
One must be careful in interpreting these results as 
an indication that the right ventricle is actually capable 
of a greater increment in contractile force than is the left 
ventricle. The differences could be due to the greater 
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distensibility of the thin walls of the right ventricle and to 
the presence of fewer forces opposing those tending to pull the 
feet of the arch together. 
b. The posterior surface 
The data of Series A through E indicate that all parts 
of the right ventricle studied (Areas 1, 2, 3, 4, 9, and 10) 
were more responsive to stimulation of the left root than to 
the right root of the same segmental level. See Figure 40. 
The second root was first in order of importance, followed 
by the first, third, and fourth. Thus, for both anterior 
and posterior surfaces of the right ventricle, the second 
thoracic root of the left side caused the most profound in-
crease in contractile force. 
These findings are somewhat at odds with those of 
Yanowitz and his associates (43) who indicated that the an-
terior surfaces of both ventricles were more responsive to 
stimulation of the right stellate ganglion. Their criterion 
of response was change in the duration of the functional re-
fractory period. The areas of the anterior right ventricle 
that they studied were somewhat different and were much 
smaller than those of the present study. Their finding that 
the posterior surfaces of both ventricles are more respon-
sive to left-side stimulation was consistent with the find-
ings of the present study. 
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Randall and his coworkers (29) proposed a pattern of 
sympathetic nerve projections onto the canine heart from the 
stellate ganglia. Their patterns showed a considerable over-
lapping of the terminal endings originating in each of the 
stellate ganglia. It would appear from their composite dia-
gram for the right ventricle, that the heaviest concentra-
tions of terminal endings of fibers originating in the left 
stellates are found in Areas 1 and 3 of the present study. 
The magnitude of the measurement of contractile force via 
a strain gauge arch would depend upon its placement in rela-
tion to these terminal endings. 
3. The Left Ventricle 
a. Anterior surface 
The magnitude of the largest change in contractile 
force observed in either the left or right ventricles were 
similar. This amounted to an average increase for the an-
terior right ventricle of 138 percent; it occurred during 
stimulation of LT2 in Series D. The largest average increase 
for the anterior left ventricle was 113 percent and occurred 
during the stimulation of RT2 in Series C. Although the an-
terior surface of the right ventricle appeared to be a little 
more responsive to ventral root stimulation than that of the 
left ventricle, the differential was not la~ge. 
Like the right ventricle, the left ventricle was 
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influenced to the greatest degree by the second root followed 
by the first, third, and fourth. The major difference between 
the left and right ventricles was not in the degree of respon-
siveness nor in the segmental level of outflow of the most 
effective root. Instead, it was the change from the greater 
influence of the left roots for the right ventricle to the 
right roots for the left ventricle. 
This switching from the left to the right roots is 
particularly apparent during the stimulation of the right 
roots as shown in Figure 6. The left ventricular areas are 
seen to group together and are separated from Area 9 of the 
posterior right ventricle. The same pattern also appears 
in Figure 11 where both Areas 9 and 10 of the right ven-
tricle are separated from the areas of the anterior left 
ventricle. Comparisons of these right-root patterns with 
those of the left roots show the differential effects of 
the left and right roots on the two ventricles. A summary 
of these findings is presented in Figures 8, 14, and 40. 
These findings were in general agreement with the 
work of Nonidez (24) who described the innervation of the 
anterior left ventricle as originating primarily from the 
right sympathetic cardiac nerves. Studies using change in 
functional refractory period during stimulation of the stel-
late ganglia (43) showed that the anterior surface of the 
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left ventricle is more profoundly influenced by the stimula-
tion of the right stellate than the left. Geis and Kay (14) 
used a technique of chemical epicardectomy to map the projec-
tions of the cardiac nerves as they course to the ventricles. 
They found that there was an importance contribution of car-
diac nerves from the right stellate ganglion to the anterior 
surface of the left ventricle. 
b. Posterior surface 
Only one area of the posterior left ventricle was used 
in the present study. This area (Area 11) responded to ven-
tral root stimulation in a manner similar to that of the 
posterior right ventricle in that it was most profoundly af-
fected by left-root stimulation. It was, however, somewhat 
more responsive in terms of percent increase in contractile 
force These findings were consistent with several previous 
studies (14, 22, 24, 43) . 
c. Endocardial surfaces 
Increases in the septal area (Area 12) were the largest 
seen in the entire study. Note should be made, however, that 
these animals were on cardiopulmonary bypass; the ventricles 
were not working against a load. Comparison of the epicar-
dial areas of these bypass animals showed that percent in-
creases in force of contraction were approximately two to 
three times greater in the bypass animals. Even if the 
responses seen in Area 12 are reduced by a similar factor, 
they are still much greater than any of the other areas 
studied. 
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Of the three endocardial areas, the septal area (Area 
12) was the most responsive, followed by the free wall (Area 
13), and the posterior papillary muscle (Area 14). These 
latter two areas were within the same range as the epicar-
dial areas of the left ventricle. The septal area was more 
responsive to right-root than to left-root stimulation. 
Differences in contractile force between left- and right-root 
stimulation in the free wall and papillary muscle were very 
small. 
A slightly different pattern of response was seen for 
these animals in that the responses to stimulation of the 
third root resulted in greater increases in contractile 
force than for the first root. Whether this is a function 
of the bypass procedure or an example of individual varia-
tion among dogs noted in the other series is difficult to 
determine. 
4. Chronotropic Responses 
The experiments of the present study generally support 
the view of Randall and his group (27) that acceleration is 
seen during stimulation of the second and third roots of both 
sides and that the right side has a greater effect than does 
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the left. In addition, however, an important accelerator out-
flow has been identified in the first thoracic of both sides 
of the cord. The accelerator effects of the first roots ri-
valed those of the second and in some animals surpassed it. 
Accelerator effects seen in the various series of the 
present study showed a high degree of consistency in gen-
eralized pattern and in degree of response. Rate responses 
were seen during stimulation of the fourth and fifth roots 
but these were small and inconsistent. The heart rate Fig-
ures for each of the series show a high degree of consis-
tency. Figure 41 presents the average heart rate responses 
for Series A, B, C, and D. In general, the ventral thoracic 
roots fell into the following order of effectiveness: RT2, 
RTl, RT3, LT2, LT3, and LT2. 
Data of the present study supports the views of 
Randall and his associates that accelerator fibers do not 
leave the cord below the level of TS or above Tl. There 
may be one exception to this generalization. The eighth 
cervical root of both sides showed some degree of accel-
erator effect. The changes in heart rate associated with 
the stimulation of these roots were, however, considerably 
smaller than those of the thoracic outflow. The changes 
were insignificant but they did occur in three of the four 
dogs. Since there were only four dogs used in this series, 
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I ~ 
T2 T3 T4 T5 
Right 
Average changes in heart rate in beats per minute (or-
dinate) produced during stimulation of the first five ventral 
thoracic roots (abscissa) of the left and right sides. In-
creases were weighted according to the number of animals in 
each series and then summed and averaged. Note that the first 
three roots of the right side produced the largest increases. 
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it is difficult to predict what would have occurred with a 
larger number of animals. Apparently, a few accelerator fi-
bers can be expected in the eighth cervical roots of some 
dogs. This finding is not inconsistent with that of Weisman 
and his coworkers (41) who showed that the lower cervical 
roots elicited changes in blood pressure and cutaneous vol-
ume pulse. 
Rate responses during ref lex activation (BCO) were 
seen. These were much smaller than those accompanying ven-
tral root stimulation. The stimulation parameters used in 
this study were selected to give a maximal response by stim-
ulating all of the fibers of the ventral root. Ref lex acti-
vation, although it likely utilizes the same ventral root 
outflow from the thoracic roots would not be expected to ex-
cite as many fibers. The response could be considerably 
less than that observed during direct ventral root stimula-
tion. 
CHAPTER VI 
SUMMARY AND CONCLUSIONS 
A specific and differential innervation of the myocar-
dium by the ventral thoracic roots was demonstrated in these 
experiments by the greater responsiveness of the anterior 
left ventricle and the left ventricular septum to right-root 
stimulation while all other areas were more responsive to 
left-root stimulation. Some support was, therefore, found 
for the concept of a spinal segmental outflow to the myocar-
dium. The outflow is, however, different from that shown by 
the somatic motor innervation. Since the entire heart re-
sponds to stimulation of each root, it is likely that each 
level of spinal outflow (Tl, T2, T3) distributes fibers to 
a terminal branching network innervating the entire heart. 
Thus, while the myocardium does show a differential innerva-
tion insofar as the degree of responsiveness to the stimula-
tion of specific roots is concerned, this is not manifested 
in discrete responses of restricted areas of the myocardium. 
The following conclusions are warranted based on the 
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data presented in this paper. 
1. Stimulation of the first three thoracic roots results 
in an increased force of contraction of large magnitude. 
2. Stimulation of the fourth and fifth thoracic roots re-
sults in an increased force of contraction of small magnitude. 
3. Thoracic roots below the level of the fifth do not in-
clude an important sympathetic outflow to the heart. 
4. Cervical roots below the level of the fifth do not in-
clude an important sympathetic outflow to the heart. 
5. The anterior right ventricle is more responsive to 
left- than to right-root stimulation. 
6. The posterior right ventricle is more responsive to 
left- than to right-root stimulation. 
7. The conus region is the most responsive area of the 
right ventricle during ventral root stimulation. 
8. The anterior right ventricle is more responsive to 
stimulation via the carotid sinus ref lex than other epicar-
dial areas. 
9. The anterior left ventricle is more responsive to 
right- than to left-root stimulation. 
10. The posterior left ventricle is more responsive to 
left- than to right-root stimulation. 
11. The septal area of the endocardium of the left ven-
tricle is more responsive to right- than to left-root 
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stimulation. 
12. The septal area of the left ventricular endocardium is 
the most responsive area of those examined in this study. 
13. The posterior left ventricle is more responsive to re-
flex stimulation via the carotid sinus than either the anter-
ior left ventricle or the posterior right ventricle. 
14. The second thoracic root causes the largest increase 
in contractile force. Next in order of importance is the 
first followed by the third. 
15. During stimulation of the fourth thoracic root, the 
greatest increase in contractile force is seen in the conus 
region of the right ventricle and in the region of the left 
ventricular surface of the intra-ventricular septum. 
16. Consistent patterns of response of epicardial areas 
cannot be expected during infusions of moderate doses of 
norepinephrine. 
17. Fibers having the greatest influence on heart rate 
exit both sides of the cord via the first three thoracic 
roots. Of these, the second, first, and third of the right 
side are the most important. 
18. The lower cervical roots (CS - C8) and the lower 
thoracic roots (T4 - TlO) do not include a large number of 
cardioaccelerator fibers. 
19. Increases in heart rate during maximal stimulation of 
RT2 were approximately twice as large as those during bila-
teral carotid occlusions and five times as large as those 
during norepinephrine infusions. 
20. Sympathetic responses to stimulation of the lower 
thoracic roots are primarily vasomotor. 
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